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ABSTHACT 
Morphactins are d e r i v a t i v e s of 9-hydroxyfluorene-9-carboxylic a c i d which 
e x h i b i t p l a n t grovrth r e g u l a t i n g a c t i v i t y . The aim of the work was t o 
synthesise aza"analogues (indenopyridines) of these compounds and t o 
assess t h e i r b i o l o g i c a l a c t i v i t y . A d d i t i o n a l l y , because the chemistry 
of indenopyridines has received l i t t l e a t t e n t i o n a secondary o b j e c t i v e 
was t o extend knowledge i n t h i s area. Reviews of the synthesis and 
reactio n s of indenopyridine compounds are given. 
The synthesis of (RS)5-hydroxy-5H-indeno[1,2-b)pyridine-5-carboxylic 
a c i d and o f (RS>9-hydroxy-9H-indeno[2,l-blpyridine-9-carboxylic a c i d by 
applying the b e n z i l - b e n z i l i c a c i d rearrangement t o b e n z ( f ) q u i n o l i n e -
9,10-dione and benz<h)quinoline-5,6-dione r e s p e c t i v e l y gave only 
decarboxylated products. In view of the ease of decarboxylation 
observed i n these r e a c t i o n s a l t e r n a t i v e s y n t h e t i c routes were 
i n v e s t i g a t e d . 
Fluorene-9-carboxylic a c i d and several of i t s d e r i v a t i v e s were prepared 
and enolate anions derived from them were hydroxylated using 
oxodiperoxopyridinohexamethylphosphorimido molybdenum VI <MoOPH) or 
molecular oxygen. The same method of h y d r o x y l a t i o n was then used 
s u c c e s s f u l l y t o prepare (RS)Methyl 5-hydroxy-5H-indenoC1,2-b]pyridine-
5-carboxylate. This ester was converted t o the corresponding amide by 
ammonation and the N-methyl d e r i v a t i v e was also prepared. 
A ro u t e t o the r e q u i r e d indenopyridines i n v o l v i n g a d d i t i o n of 
cya n o t r i m e t h y l s i l a n e ( t r i m e t h y l s i l y l c y a n i d e , TMSCN) t o indenopyridinones 
was also i n v e s t i g a t e d . The h y d r o x y c a r b o n i t r i l e s which were prepared 
could not, however, be converted t o the corresponding c a r b o x y l i c a c i d 
d e r i v a t i v e s since the l a t t e r underwent decarboxylation. 
Vhen 5H-indeno[1,2-b]pyridine, the s t a r t i n g m a t e r i a l f o r many of the 
foregoing r e a c t i o n s became commercially unavailable attempts were made 
t o devise new s y n t h e t i c routes t o t h i s compound. Vilsmeier-Haack 
f o r m v l a t i o n of enamides derived from 1- and 2-indanone was i n v e s t i g a t e d 
as was the V o l f f rearrangement of ben2(h)quinoline-5,6-diazoketcne. 
The mass spectra and proton n.m.r. of the compounds which were prepared 
are reviewed. Ten of the compounds were screened t o assess t h e i r 
b i o l o g i c a l a c t i v i t y . 
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CHAPTER 1 
1.1-1 l a t u r a l P l a n t , C.rnKth R e g t i l a t n r s 
The e s s e n t i a l f e a t u r e s of plant grovrth and development are c o n t r o l l e d by 
a group of i n t e r a c t i n g chemicals which occur n a t u r a l l y ; these chemicals 
are described as the phytohormones. The various mechanisms through 
which c o n t r o l i s achieved i s complex and i s most l i k e l y dependent upon 
the q u a n t i t a t i v e r e l a t i o n s h i p s between the members of t h i s group and on 
the type of plant species. Endogenous p l a n t growth regulators»are 
syntheslsed i n non-specialised c e l l s i n s p e c i f i c regions of the p l a n t 
and subsequently d i f f u s e , or are transported, t o the s i t e of a c t i o n . 
There are f i v e main types of endogenous p l a n t grovrth r e g u l a t i n g 
substance^. 
(a) Auxins. Auxins are a group of substances r e l a t e d t o lH-indole-3-
a c e t l c a c i d (1) and are c h a r a c t e r i s e d by t h e i r a b i l i t y t o promote growth 
i n t i s s u e sections ^. 
Many s y n t h e t i c compounds, f o r m a l l y u n r e l a t e d t o lH-lndole-3-acetlc a c i d 
have al s o been found t o produce auxin l i k e e f f e c t s i n p l a n t s . One such 
compound t h a t has found widespread use i s 2,4-dichlorophenoxyacetic a c i d 
(2). This compound i s used as a systemic herbicide against broad l e a f e d 
p l a n t s and I n p a r t i c u l a r t o enhance f r u i t s i z e and set, and t o reduce 
f r u i t drop. 
1-
<b) G i b b e r e l l i n s . These are a group of substances r e l a t e d t o g i b b e r e l l l c 
a c i d <3>. 
HO 
Several d e r i v a t i v e s and precursors of the a c i d <3> have been i s o l a t e d 
from p l a n t s and t h i s group e x h i b i t s the property of inducing c e l l 
e l o n g a t i o n and promoting f l o w e r i n g when a p p l i e d t o i n t a c t p l a n t s . I t I s 
believed t h a t there i s an i n t e r a c t i v e r o l e between auxins and 
g i b b e r e l l i n s which promotes c e l l d i v i s i o n and elongation. In support of 
t h i s , i t i s noteworthy t h a t a number of s y n t h e t i c compounds which r e t a r d 
p l a n t growth appear t o act by b l o c k i n g g i b b e r i l l i n biosynthesis. Some 
of these componds which have been used i n commercial preparations are:-
S(5-isopropyl-2-methyl-4-t N' -piperldinocarbonyloxy3 phenyl >-ll, H, 
trimethylammonium c h l o r i d e <4); butanedioic a c i d iiiono(2,2-dliiiethyl) 
hydrazide ( 5 ) ; t r i b u t y l ( 2 , 4 - d l c h l o r o b e n z y l ) p h o s p h o n i u m c h l o r i d e C6). 
HOiCCHjCH 
-(c)-Cytokinins;- Substances i n _ t h l s . g r o u p _ a r e compounds d e r i v e d from the 
purine, adenine, e.g. z e a t i n (7, R= -CH2:CH=C (CH3>CH20H>. The primary 
a c t i o n of members of t h i s group i s to pronote c e l l d i v i s i o n i n c u l t u r e d 
p l a n t s v i a i n t e r a c t i o n with l H - i n d o l e - 3 - a c e t i c a c i d . 
7 R= -CH2CH=C(CHr.)CH20H 
In experimental s t u d i e s , f o r m u l a t i o n s c o n t a i n i n g both c y t o k i n i n and 
l H - i n d o l e - 3 - a c e t i c a c i d have been found to produce i n d u c t i o n of 
pathenocarpy i n some f r u i t s , promotion of c e l l d i v i s i o n , bud formation 
and s t i m u l a t i o n of water l o s s by t r a n s p i r a t i o n . To date, no l a r g e 
commercial e x p l o t a t i o n of s y n t h e t i c c y t o k i n i n s has occurred d e s p i t e 
s e v e r a l compounds of t h i s type ( 7, R=2-furanylmethyl, benzyl, 
tetrahydropyran-2-yl. ) having been I n v e s t i g a t e d . 
(d> P l a n t growth i n h i b i t o r s . A number of compounds which a c t a s growth 
i n h i b i t o r s , based on a b s c i s i c a c i d (8>, a r e produced i n p l a n t s . 
A b s c i s i c a c i d i n h i b i t s growth i n hypocotyls, rootseeds and i n r a d i c a l 
l e a f d i s c s e c t i o n s and a l s o induces stomatal c l o s u r e . 
As i n the case of c y t o k i n i n , no l a r g e s c a l e e x p l o i t a t i o n of a b s c i s i c 
a c i d or i t s d e r i v a t i v e s has been r e a l i s e d . Some s p e c i a l i s e d 
a p p l i c a t i o n s have been d i s c o v e r e d however, notably treatment f o r bud 
dormancy i n woody p l a n t s and a b s c i s s i o n of l e a v e s i n the cotton p l a n t 
~(e )~Et h^e. ~ Th"is alkehV has~been I d e n t i f i e d - a s a compound-which-also- -
re g u l a t e s p l a n t growth. I t has been demonstrated t h a t t h i s r e l a t i v e l y 
simple molecule can Induce epinasty i n leaves and auxin t r a n s p o r t and 
a p i c a l bud expansion i n peas and beans. I t also promotes r i p e n i n g and 
abscission i n f r u i t s . Consequently several f r u i t s are stored i n contact 
w i t h low concentrations of t h i s compound. A compound which l i b e r a t e s 
ethene i . e . 2-chloroethylphosphonic a c i d <9), can be a p p l i e d as a f o l i a r 
spray t o enhance the r i p e n i n g of f r u i t s ; t h i s compound r e a d i l y breaks 
down-to produce ethene, phosphoric acld.and c h l o r i d e ion above pH 4 
(equation 1). 
(HO)^PCri^CK^Cl + H 2 O — ^ C l * ^ 4 H^C=CH2 + (HO)^P-OK 
Ethene has been associated w i t h the s t i m u l a t i o n of the synthesis of 
c e r t a i n enzymes e.g. peroxidase and a-amylase. 
-4-
1,1-2- - - - -Hnrphactlns 
Many d i f f e r e n t types of s y n t h e t i c compounds are known which e x h i b i t 
plant growth r e g u l a t i n g a c t i v i t y . One s p e c i f i c group of compounds t h a t 
has been e x p l o i t e d commercially, a l b e i t on a small scale, i s based upon 
9-hydroxyfluorene-9-carboxylic a c i d (10,R=H) and i t s d e r i v a t i v e s . 
10. R=H 
Early r e p o r t s by Vain^^ I n 1953 and a year l a t e r by Jones e t . a i . * 
I n d i c a t e d t h a t the a c i d (10.R=H> possessed b i o l o g i c a l a c t i v i t y i n t h a t 
i t a f f e c t e d the normal growth of c e r t a i n p l a n t s . Valn^ reported t h a t 
the compound (10,R=H) was a c t i v e i n the tomato l e a f epinasty t e s t and 
l a t e r , Jones et.al."^ demonstrated t h a t i t i n h i b i t e d the normal 
ph o t o t r o p i c and geotropic responses of seedlings of rape, wheat and rye 
grass. I t was not u n t i l 1960-1965 t h a t Schneider^, working at E Merck 
AG, prepared a large range of s i m i l a r s u b s t i t u t e d f l u o r e n e compounds and 
assessed t h e i r a c t i v i t y as plant growth r e g u l a t o r s . These compounds 
were described by Schneider as a new type of p l a n t growth r e g u l a t o r and 
named them 'Korphactins' due t o the f a c t t h a t they a l t e r the morphology 
of p l a n t s by i n f l u e n c i n g c e l l d i v i s i o n i n formative t i s s u e s and 
i n t e r f e r i n g w i t h the normal development p a t t e r n a t growing t i p s and 
s i t e s . This t y p i c a l l y r e s u l t s i n p l a n t s appearing s t u n t e d and malformed 
f o l l o w i n g treatment w i t h morphactins. Subsequently, E Merck AG obtained 
several patents^ on these compounds and on t h e i r f o r m u l a t i o n w i t h other 
known p l a n t growth r e g u l a t o r s , e.g. 2.4-dichlorophenoxyacetlc a c i d , and 
other herbicides. 
-5-
F o l i o w i n g - t h l s — t w o - o f the-more-effectlve morphactlns-i'iz.-n-butyl- _ 
9-hydroxyfluorene-9-carboxylate (11) and methyl 2-chloro-9-
hydroxyfluorene-9-carboxylate (12), have been marketed as commercial 
products and used i n p r o p r i e t a r y h o r t i c u l t u r a l f o r mulations. 
CO,CH^ CH,CH,CHj 
11 12 
A f t e r t h i s i n i t i a l I n t e r e s t i n the development of the morphactins there 
has been a steady i n v e s t i g a t i o n of t h e i r p r o p e r t i e s and t h e i r mode of 
a c t i o n i n a range of p l a n t species. 
1,1-3 P r o p e r t i e s and pcde of a c t i o n of the HorPhactlDS 
Morphactins have been shown t o produce a v a r i e t y of e f f e c t s on pl a n t 
growth. Thus i n 1966 Velss^ demonstrated t h a t both morphactins (11) and 
(12) a t a c o n c e n t r a t i o n of lOpmol dm-=* caused a 50% i n h i b i t i o n of growth 
i n soybean seedlings and c a l l u s t i s s u e . Veaver and Pool^ demonstrated 
the use of morphactins t o induce berry abscission i n several vines. 
Morphactins used i n c o n j u n c t i o n w i t h auxin have a l s o been observed, 
(Nanda e t . a i . ^ ) , t o cause a re d u c t i o n i n stem elongation and I n the 
number of leaves i n the potato iBryopbylium tubifJaruw); formation of 
l a t e r a l buds was Increased leading t o the f u s i o n of upper leaves, 
thereby i n c r e a s i n g l e a f number and f l o r a l buds. A s i m i l a r e f f e c t on 
l e a f production and morphology i n the t h o r n apple iDatura metel) was 
observed by Gupta and Madan'*^ when morphactins were added as a f o l i a r 
spray. These workers a l s o noted t h a t seed germination was st i m u l a t e d , 
thereby breaking dormancy. Expression of sex can a l s o be i n f l u e n c e d by 
morphactins. Thus Krishnamoorthy* ^ found t h a t methyl 2-chloro-9-
hydroxyfluorene-9-carboxylate (12) promoted stem growth and a l t e r e d sex 
expression toward maleness I n gourds (Luffer acutanguJa). 
I n th~e case"of the perennlaT herb (i/i^eJJa damascena) -Rani-^^ reported 
t h a t morphactins suppressed the development of stamens and rendered the 
hermaphrodite f l o w e r s female. Plant s t r u c t u r e s such as ro o t s and 
stomata may al s o be a f f e c t e d by morphactins; e.g. Gracza e t . a J . * ^ 
examined the in f l u e n c e of morphactins on the growth of l a t e r a l and 
primary r o o t s of the bean seed iPbaseolus coccineus), 
Using b u t y l 9-hydroxyfluorene-9-carboxylate (11) growth of the l a t e r a l 
r o o t s was promoted as compared t o the primary ones, whereas w i t h methyl 
2-chloro-9-hydroxyfluorene-9-carboxylate (12) the converse behaviour was 
observed. The e f f e c t of morphactins on stomatal opening was i n v e s t i g a -
ted by Rustagi^'* who noted t h a t stomatal opening was i n h i b i t e d i n the 
i s o l a t e d l e a f epidermis of day flower (Commelina benghalensisy^ tobacco 
iNicotiana tabacuw) ^  corn salad iValerianella locusta> and the Windsor 
bean ( I ^ i c i a / a b i a ) . 
The mode of a c t i o n of the morphactins has been a c t i v e l y i n v e s t i g a t e d 
over several years. Morphactins are taken up by the leaves and r o o t s of 
i n t a c t p l a n t s and then t r a n s l o c a t e d t o the meristematic regions. I n a 
study by Schuette and Gholer'°, who used s i n g l y and doubly r a d i o l a b e l l e d 
n-butyl 9-hydroxyfluoren-9-carboxylate, the mode of t r a n s p o r t and 
metabolism of t h i s m a t e r i a l i n barl e y and i n tobacco p l a n t s was 
In v e s t i g a t e d . This morphactin was r e a d i l y adsorbed by both the leaves 
and r o o t systems and the m a t e r i a l was then d i s t r i b u t e d throughout the 
leaves becoming l o c a l i s e d i n the plasmatic membrane of the c e l l s (no 
a c t i v i t y was detected i n the i n t e r c e l l u l a r spaces). Following 
a p p l i c a t i o n o f the morphactin v i a the s o i l , t r a n s p o r t from the roo t 
system occurred v i a the xylem and the parenchyma by means of transverse 
t r a n s p o r t . Subsequently the morphactin was found t o be d i s t r i b u t e d 
throughout the leaves; p a r t i c u l a r l y high l e v e l s were found i n the 
mitochondria and c h l o r o p l a s t s . Tracer experiments showed t h a t the 
compound was metabolised v i a a-h y d r o x y l a t i o n and subsequent glucosida-
t l o n of the b u t y l group; the ester l i n k remained I n t a c t . 
Tognl e t . al.^^ i n v e s t i g a t e d the combined a c t i o n of morphactins and 
g i b b e r e l l l c a c i d on dwarf v a r i e t i e s of corn and pea and reported t h a t 
t r e a t e d p l a n t s were t a l l e r than c o n t r o l s t r e a t e d only w i t h g i b b e r e l l i c 
acid. I n a d d i t i o n t o the increased height of the t r e a t e d p l a n t s , other 
morphological e f f e c t s were observed such as the breaking of a p i c a l 
dominance. 
The conclusion from t h i s work-was-that the raor-phactins-did-not-compete 
at the receptor s i t e s f o r g i b e r r e l l i c a c i d. This r e s u l t was supported 
by the work of Shankla and Shankla^^ who suggested t h a t as only some of 
the e f f e c t s o f morphactln-treated p l a n t s are reversed upon the a d d i t i o n 
of exogenous g i b e r r e l l i c acid, there was an independent a c t i o n of 
g i b e r r e l i c a c i d and morphactins. I n 1969 H i t e i l u n g " ^ evaluated the r o l e 
of auxin, c y t o k i n i n and morphactins on the expansion of Ipamea 
cotyledons. The r e s u l t s o f t h i s work show t h a t the combined e f f e c t s of 
morphactins on auxin and g i b e r r e l l i c a c i d metabolism accounted f o r only 
a few of the exp e r i m e n t a l l y observed a c t i o n s of the morphactins. I t was 
proposed, t h e r e f o r e , t h a t the e f f e c t s on the growth mechanisms are 
complex and most l i k e l y due t o the raorphactins I n t e r f e r i n g w i t h or 
preventing an endogenous gro w t h - r e g u l a t i n g gradient from being 
established. 
Vork by P l l e t ' ^ Involved studying i n v i t r o auxin t r a n s l o c a t i o n using 
e p i c o t y l segments of l e n t i l Hens culinaris); l a b e l l e d lH-indole-3-
acetic-2(14-C> was used t o monitor the t r a n s p o r t . Comparison w i t h 
untreated segments i n d i c a t e d t h a t morphactins reduced i n v i t r o t r a n s p o r t 
of the l H - i n d o l e - 3 - a c e t i c acid. These r e s u l t s were supported by work 
done by Thomson and Leopold^*^' who reported t h a t morphactins i n h i b i t the 
t r a n s p o r t of auxin; they a l s o i n v e s t i g a t e d the respective a f f i n i t i e s of 
the e s t e r s and f r e e a c i d forms of 9-hydroxyfluorene-9-carboxylic a c i d 
f o r s i t e s w i t h i n the p l a n t . This work showed t h a t the e s t e r group was 
Important f o r the t r a n s p o r t of morphactins t o various s i t e s w i t h i n the 
pla n t and t h a t subsequent h y d r o l y s i s t o the a c i d was important f o r the 
bin d i n g processes. 
In summary, the a c t i o n of morphactins I s complex as i t depends both on 
the nature and the co n c e n t r a t i o n of the endogenous p l a n t growth 
r e g u l a t o r s I n question, and on any s p e c i f i c i n t e r a c t i o n s between the 
morphactins or t h e i r metabolites and the p l a n t growth r e g u l a t o r s . This 
i n t e r e l a t i o n s h i p i s f u r t h e r complicated when morphactins are employed i n 
a s s o c i a t i o n w i t h other s y n t h e t i c growth r e g u l a t o r s or herb i c i d e s and i n 
these s i t u a t i o n s s y n e r g i s t i c e f f e c t s o f t e n become important. 
Q b l e c t l v e nf the Research 
The o b j e c t i v e of the work d e s c r i b e d i n t h i s t h e s i s was to prepare a 
s e r i e s of aza analogues of morphactin compounds such a s (11) and (12) 
HQ^ ^COxCHaCH.CH.CHj HQ ^tOjCHj 
11 12 
E a r l i e r , H a r t n e l l ^ ' had prepared a number of 9,9-Ws s u b s t i t u t e d 
f l u o r e n e s a s p o t e n t i a l p l a n t grovfth r e g u l a t o r s but none e x h i b i t e d 
a c t i v i t y a t a l e v e l which warranted f u r t h e r a t t e n t i o n . I t was hoped 
t h a t the i n t r o d u c t i o n of a n i t r o g e n atom i n t o the fluorene r i n g system 
would provide a s i t e a t which chemical m o d i f i c a t i o n might lead t o 
compounds with enhanced p l a n t growth r e g u l a t i n g a c t i v i t y . 
The chemistry of a z a f l u o r e n e s ( i n d e n o p y r l d i n e s ) has not been e x t e n s i v e l y 
i n v e s t i g a t e d and a secondary o b j e c t i v e of the work was t o i n c r e a s e 
knowledge i n t h i s a r e a . 
-9-
The indenopyridine r i n g system can be d e s c r i b e d u s i n g two systems of 
nomenclature; 1. Using t r i v i a l (or s e m i - t r i v i a l ) nomenclature f l u o r e n e 
i s c o n s i d e r e d to be the parent; the p o s i t i o n of the heteroatom 
( n i t r o g e n ) i s i n d i c a t e d by a l o c a n t number. The four i s o m e r i c indeno-





In each case the s e r i e s of l o c a n t numbers s t a r t s i n the p y r i d y l r i n g and 
t e r m i n a t e s a t the methylene bridge i . e . p o s i t i o n 9; the numbering system 
i s analogous to t h a t used f o r the parent, f l u o r e n e . 
-10-
2. An a l t e r n a t i v e " s y s t e m a t i c , approach-to-the nomenclature of the 
indenopyridlne r i n g system i s based on the f u s i o n method^^. The l a r g e s t 
u n i t i n the b a s i c t r i c y c l i c system with a recommended t r i v i a l name i s 
the indene moeity (17), T h i s i s t h e r e f o r e chosen a s one component of 
the s t r u c t u r e and s p e c i f i e d i n the nomenclature. The other i d e n t i f i a b l e 
component of the system i s p y r i d i n e (18). 
17 18 
The I.U.P.A.C. r u l e s on nomenclature^^* i n d i c a t e t h a t the h e t e r o c y c l i c 
moiety t a k e s precedence over the indene moiety a s the base component, 
l e a d i n g to the name; indenopyridine. The d i f f e r e n t modes of f u s i o n f o r 
each of the I s o m e r i c i n d e n o p y r i d i n e s are d e s c r i b e d a s f o l l o w s ; For each 
isomer, the r i n g j u n c t i o n i s s p e c i f i e d i n the base component ( p y r i d i n e ) , 
by the use of a l e t t e r a,b or c, corresponding to the 1,2 2,3 or 3,4 
bonds ( a l l r e l a t i v e to the n i t r o g e n atom). J u n c t i o n s I n the indene 
component are i n d i c a t e d u s i n g the numbering system approved by 
I.U.P.A.C. A f u s i o n s i t e between the a t t a c h e d component and the base 
component can then be s p e c i f i e d by p l a c i n g the a ppropriate numbers and 
l e t t e r s ( s e p a r a t e d by a hyphen) i n s i d e square b r a c k e t s between the 
a t t a c h e d and base components. Using t h i s system 4-azafluorene (16) i s 
named a s 5H-indeno[1,2-b]pyridine. The p r e f i x term, 5H, r e f e r s t o 
• i n d i c a t e d hydrogen'* and a l s o i l l u s t r a t e s the f a c t t h a t the complete 
r i n g system i s given a s p e c i f i c numbering system which i s independent 
of, and d i f f e r e n t from, those used to d e f i n e the r i n g f u n c t i o n s . 
# Footnote 
This tern refers to the situation vhere after including as nany non-cunulative double 
bonds as possible into the ring systeo there renains an extra hydrogen to be located in 
one of several positions; the specific location of that hydrogen aton is defined by a 
locant pre f i x , 
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AlthWgh" the t r i v i a l name f o r - t h e indenopyridine system, azafluorene^ 
i s s t i l l widely used i n the l i t e r a t u r e , the f u s i o n system of nomen-
c l a t u r e w i l l be used throughout t h i s t h e s i s ; a s i l l u s t r a t e d below 
( t r i v i a l names i n p a r e n t h e s e s ) . 
13 9H-indeno[2,1-b]pyridine ( 1 - a z a f l u o r e n e ) 
14 9H-indeno[2,1-c)pyridine ( 2 - a z a f l u o r e n e ) 
15 5H-indeno[l,2-c3pyridine ( 3 - a z a f l u o r e n e ) 
b 5 
16 SH-indenof1,2-b]pyridine ( 4 - a z a f l u o r e n e ) 
-12-
1,1^5 
The e a r l i e s t r e p o r t s concerning the s y n t h e s i s of the indenopyridine r i n g 
system appeared i n the l a t e 19th century. In 1683 Skraup and Coblenz^'* 
reported the s y n t h e s i s of the oxo compounds 9H-indenot2,1-blpyridin-9-
one <23) and 5H-indenoC1,2-b]pyridin-5-one (19) by the o x i d a t i o n of 
benz<f)quinoline and benz<h)qulnoline r e s p e c t i v e l y . S i n c e t h i s date 
s e v e r a l other workers have r e p o r t e d the s y n t h e s i s of compound (19) and 
l t s _ parent, 5H-indeno-[ 1.2-b) p y r i d i n e (16)^. I n 1948 Kruber and Rappen=^^ 
i s o l a t e d and i d e n t i f i e d 5H-indeno(1,2-b)pyridine <16) a s a component of 
the q u i n o l l n e base f r a c t i o n of anthracene c o a l t a r . Oberkobusch^*^ i s o -
l a t e d 10-azafluoranthene (20) by d i s t i l l a t i o n from c o a l t a r p i t c h and 
o x i d i s e d i t with potassium permanganate to obt a i n a mixture of 
5H-lndeno[1,2-b]pyridin-5-one-6-carboxylic a c i d (21) and 
9H-i n d e n o t 2 , l - b ) p y r i d i n - 9 - o n e - 8 - c a r b o x y l i c a c i d (22); subsequent 
d e c a r b o x y l a t i o n gave the corresponding indenopyridlnones (19) and (23). 
Scheme 1 
T h i s r e p o r t concerning the presence of In d e n o p y r i d i n e s i n c o a l t a r 
d i s t i l l a t e s has been supported by environmental s t u d i e s . In r e c e n t 
y e a r s s e v e r a l r e p o r t s have appeared i d e n t i f y i n g 5H-lndeno[1,2-b) 
pyrldlne-5-one (19) I n the environment. The oxo compound (19) has been 
i d e n t i f i e d i n ; 
( i ) The atmosphere '^^  and i n the a i r borne p a r t i c u l a t e s 
( i i ) Lake sediments 
( l i t ) S hale o i l and I r a n i a n crude o i l =^ 
( i v ) Anthracene o i l ( b a s i c f r a c t i o n ) and i n o i l s I s o l a t e d from 
the l i q u e f a c t i o n of c o a l 
(v) C i g a r e t t e smoke condensate ^' 
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The main"sources of' indenopyridine compounds i n the environment are-
those a s s o c i a t e d with the combustion and p r o c e s s i n g of f o s s i l f u e l s 
which possess a high c o n c e n t r a t i o n of nitrogenous compounds. 
1.1-6 Physicajj p r o p e r t i e s 
Some p h y s i c a l p r o p e r t i e s of.the .four i s o m e r i c indenopyrldines a r e l i s t e d 
i n Table I , 
Compound Crystalline Form fo.p./'c b.p./'c 
9H-indenoC2,l-b]pyridine Colourless crystals 84-S' 270' 
9H-indenoC2 J-c}pyridine Colourless needles 78-9* 
SH-indenoCl,2-c]pyridine Yellow o i l Picrate 185-6* 
5H-indenoCl,2-blpypidine Uhite prismatic crystals 93' 306' 
1,1-7 Spectral Properties 
To date t h e r e has been l i t t l e data published concerning the mass, i n f r a -
red and u l t r a v i o l e t / v i s i b l e s p e c t r a of indenopyridines. The only 
information a v a i l a b l e has been obtained i n s t u d i e s concerned with 
e l u c i d a t i o n of the s t r u c t u r e of d e r i v a t i v e s of indenopyridines. 
However, i n the case of n u c l e a r magnetic resonance <nmr) s t u d i e s , 
Formichov and co-workers have undertaken a s y s t e m a t i c a n a l y s i s of the 
proton nmr s p e c t r a of t h r e e of the i s o m e r i c indenopyridines. I n t h i s 
study, Formichov u t i l i s e d s u i t a b l y s u b s t i t u t e d f l u o r e n e compounds a s 
models and c a r r i e d out double resonance experiments l i n k e d with c a l c u l a -
t i o n s of the t h e o r e t i c a l s p e c t r a ( u s i n g i t e r a t i v e procedures, ITRCAL) 
and was ab l e t o a s s i g n many of the resonances a s s o c i a t e d with t h e s e 
compounds. The assignments a r e summarised i n the T a b l e s I I - V I I I ; 
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TARi:K-TT-Cbemical-Shlfts-Qf f luorenes-and- Indenopyridines-Cppm) 
Compound H-1 H-2 H-3 H-4 H-S H-6 H-7 H-8 9-CH2 
24- 7.43 7.19 7.27 7.68 7.68 7.27 7.19 7.44 3.77 
7.78 7.53 7.59 8.07 8.07 7.59 7.53 7.78 4.10 
25* 8.32 — 8.24 7.81 7.83 7.43 7.41 7.58 4.03 
13 — 8.25 7.11 7.93 7.67 7.20 7.17 7.42 3.85 
14 8.70 — 8.48 7.70 7.81 7.31 .7.37 7.58 4.10 
16 7.74 7.09 8.38 -- 7.89 7.31 7.28 7.46 3.58 
24"; Fluorene; spectrura obtained in CCU,(C03)2C(0); 25": 2-nitrofluorene, 
TABLE I I I CQupIing Constants <H2> 
Conp, J(12) J(13) J(14) J(23) .J(24) J(34) J(56) J(57) J(58) JC67) J(68) .J(78) 
24* 7.51 1.07 0.79 7.58 0.99 7,55 7.55 0.99 0.79 7.58 1.07 7.51 
7.42 M 6 0.74 7.42 1.07 7.65 7.65 1.07 0.74 7.42 1.16 7.42 
25- -- 2.17 0.55 " — 8.33 7.40 1.34 0.74 7.37 1.07 7.45 
13 -- — -- 4.91 1.61 7.47 7.55 0.99 0,79 7.58 1.07 7.51 
14 — 0. 1.0 — — 5.0 7.65 1.18 0,68 7.49 1.06 7.58 
16 7.49 1.54 — 4.84 -- — 7.44 1.31 0.77 7.12 0.99 7.37 
TABLE IV Long Range Coupling Constants (Hz) 
Conp, J(19) J(29) J(39) J(49) J(59) J(69) J(79) J(89) 
24- 0.91 0.51 0.29 0.29 0.51 — 0.91 
-1.0 — -0.7 +0.4 +0.4 -0.7 — -1.0 
25- -0.8 — -0.8 +0.4 +0.3 -0.7 +0.3 -0.8 
13 — +0.25 -0.7 +0.4 +0.4 -0.7 +0.25 -0.85 
14 — — — +0.4 -0.7 +0.25 -0.7 
16 -0.85 +0.25 -0.75 -- +0.4 -0.7 +0.25 -0.85 
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A d d i t i o n a l l y - '^G-nmr-studies-have-been-undertaken-by-Formichov-^-and 
by Ventrup and Meyer t h e i r r e s u l t s a r e given i n t a b l e s V and VI, 
Table V '=*C nmr QH-"* " f ^ ^ " " ^ ^ . ^  P V ^ " ' ^ 
Attribution j'3c Expected s h i f t -as 
carbon No. ppn ppa Pr(dptB) £u(dpia) 
9a 163.5 J57 20.8 15.7 
2 U6.6 146.4 21.6 16.9 
da 140.4 143 2.6 3.0 
tb 138.3 138-141 4.1 2.6 
4a 134.1 131-135 S.2 -0.4 
6/7 126.8 126-128 0.9 0.5 
A 126.2 126-129 6.1 5.3 
6/7 126.0 126-128 1.1 0.9 
8 124.4 124.8 1.5 1.0 
3 120.7 121-123 6.2 0 
5 119.8 119.7 1.9 1.2 
9 38.5 37 n.5 7.8 
Table VI ^^C nmr QH-lndenof2. l - c 3 p y r i d i n e ( 1 4 ) 
Attribution 














Table-Vi-I- -nmr-^H-i-nd^nnf.1. 2^b] p v r l d i n e (16) 
A t t r i b u t i o n r ^ c Expected Shift t& 
carbon No m ppra . Eu(dpD) 
9b 158.9 159 4.64 
2 146.9 146.4 10.6 
Sa 142.5. 1.55 
9a 139.9 138-141 2.0 
4a 135.7 136 -0.44 
4 130.8 131-133 2.4 
7/8 127.5 126-128 0.7 
7/8 125.9 126-128 0.7 
6(3) 124.0 124.8 0.7 
9 119.8 119.7 4.0 
3(6) 119.8 119-121 2.0 
5 33.6 37 1.3 
These s t u d i e s show t h a t the proton nmr spectrum of an indenopyridine 
compound can be t r e a t e d a s a simple s u p e r i m p o s i t i o n of the AMXYz spec-
trum ( p y r i d i n e protons) and an ABCDX2 sub-spectrum (phenylene p r o t o n s ) . 
The long range c o u p l i n g (Table V I I I ) can be i d e n t i f i e d i n the s i n g l e 
resonance spectrum with r e s p e c t t o the nmr assignments. These were 
deduced with r e f e r e n c e t o known ^^C s h i f t s (.S) i n model compounds 
(p y r i d i n e , q u i n o l i n e and i s o q u i n o l i n e ) and the e f f e c t s of c o n t a c t s h i f t 
reagents; Eu(dpm)3, Pr(dpm)3 and Gd(dpm)3. 
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-Table ( V r T M _ i H - C h P T n i r a K s h i f t s . cQupllng cQDStants and long ranged„ 
c o u p l i n g r n n s t a n t s nf the protonf? w i t h the aromatic protons f o r 
9H-indenopyririi npf 2 . 1 - b ] p y r i d i n e ( 1 3 ) . 
AssignDent 6 Aronatic J(H2) 9-CH2 J(H2) 
proton ppta proton 
H-2 8.25 H-2,3 4.91 H-2,9 +0.3 
H-3 H;2,4 1.61_ H-3,9 -0.7 
H-4 7.93 H-3,4 7.47 H-4,9 +0.4 
H-5 7.67 H-5,6 7.79 H-5,9 +0.4 
H-6 7,20 H-S,7 1.09 H-6,9 -0.7 
H-7 7.17 H-5,8 0.81 H-7,9 +0.2 
H-8 7.42 H-6,7 7.43 H-8,9 -0.7 
H-6,8 1.12 
H-7.8 7.66 
1,1-8 Theoretical Studies 
Mlochowski and S z u l c have c a r r i e d out Hiickel molecular o r b i t a l (HMO) 
c a l c u l a t i o n s r e l a t i n g to two in d e n o p y r i d i n e s v i ^ ; 5H-indeno[ 1,2-b) 
pyridin-5-ane (19) and 9H-indenQ[2.1-b)pyridln-9-one (23). These 
workers c a l c u l a t e d the n e l e c t r o n d e n s i t i e s (q^) and the l o c a l i s a t i o n 
e n e r g i e s (Lr+) a s s o c i a t e d with the r e s p e c t i v e monocatlons i n an attempt 
to r a t i o n a l i s e the r e a c t i v i t y of these compounds towards e l e c t r o p h i l i c 
reagents. S y n t h e t i c s t u d i e s have confirmed that , a s I n d i c a t e d by 
c a l c u l a t i o n , e l e c t r o p h i l i c s u b s t i t u t i o n (bromination and n i t r a t i o n ) 
occur i n the 7 - p o s i t l o n . T h i s p o s i t i o n has the lowest l o c a l i s a t i o n 
energy and the high e s t e l e c t o n d e n s i t y f o r both compounds. (Table IX) 
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Table -IX K l e c t r o n d e n s i t i e s a n d - l o c a l i s a t i o n energy Y a l u e s - f o r t h e 
f u l l y protonated forms of indenopyrldlnones (19 & 23). 
Compound Oirbon L.-+(P) 
atom ( r ) JT e l e c t r o n l o c a l i s a t i o n 
d e n s i t y energy 
9H-indeno[2,l-bl 2 0.817 2.621 
pyridin-9-one 3 0.p7' 2.754 
monocation (23) 4 0.831 2.813 
5 0.966 2.510 
6 0.940 2.616 
7 0.994 2.486 
8 0.912 2.621 
5H-indeno[ 1.2-b] 4 . 0.798 3. 029 
pyridin-5-one 3 0,971 2.621 
moncation (19) 2 0.821 2.812 
9 0.940 2.562 
8 0.947 2.613 
7 0.972 2.539 
6 0.915 2.630 
# Parameters f o r HMO c a l c u l a t i o n s ; 
hN+=2.0; hs=0.2; ho=1.3; K^C N=K'C O=1; k s . i o = k 9 . i 3 = k i , , I 2 = 0 . 9 ; 
The I n d u c t i v e parameter f o r carbon atoms neighbouring the n i t r o g e n atom, 
1=0.2 
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1,2-1 S y n t h e t i c Routes to the Indenopyrldlnes 
Syntheses of indenopyridines which have been published to date may be 
d i v i d e d i n t o three types. 
Type (1) Syntheses i n which the indenopyridlne r e s u l t s from formation 
of the cyclopentane r i n g by c y c l i s a t i o n of a s u b s t i t u t e d 
phenyl p y r i d i n e . 
Type (2) Syntheses i n v o l v i n g c o n s t r u c t i o n of the p y r i d y l r i n g using 
Indene a s s t a r t i n g m a t e r i a l 
Type (3) S y n t h e t i c r o u t e s which i n v o l v e r i n g c o n t r a c t i o n of 
benzoquinollne. 
The e a r l i e s t report of the s y n t h e s i s of an Indenopyridine was t h a t 
reported by Skraup and Coblenz i n 1883 (Scheme 2 ) , which i s an 






t o ] 
In another e a r l y r e p o r t E r r e r a (1905) prepared 
2-methyl-5H-lndeno[ l,2-b]pyrldin-5-one (26) by a Type (2) 
s y n t h e s i s (scheme 3 ) . 
Scheme 3 
ONHj.CHjCOCHj 
0 iilCHjCOzH mfluK 
CH-CH=CCH3 
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1^2-2 Type-CD-Syntheses -Involving Pormatlon-Qf a Cyclopentane^Rlng 
Subsequent t o the two p u b l i c a t i o n s c i t e d above s y n t h e t i c routes t o t h i s 
r i n g system received l i t t l e a t t e n t i o n u n t i l M i l l s et.al. synthesised 
l,3-dimethyl-9H-indeno[2,l-c]pyridln-9-one (30) i n 90% y i e l d by the 
c y c l i s a t i o n of 2,6-dimethyl-4-phenylpyrldine-3-carboxylic a c i d <29, R=H) 
The s t a r t i n g m a t e r i a l employed f o r the c y c l i s a t i o n was prepared by 
h y d r o l y s i s of the 3 - c a r b o n l t r i l e group of e t h y l 2,6-dimethyl-4-
phejQylpyridine-37carbonitrlle-5-carboxyJ.ate (28)_ or 2, 6-dimethyl-4-









0 . CbH5 
CH \ 
(28) 
( 2 ^ R - H ) 
COzH 
(29) 
The same approach was a l s o used by Urbina f o r the p r e p a r a t i o n of 
9H-indenot2,1-b)pyridine ( 1 3 ) . The s t a r t i n g m a t e r i a l used f o r the 
d e b y d r o c y c l i s a t i o n was obtained a s d e t a i l e d below (scheme 5 ) . C a t a l y t i c 
d e h y d r o c y c l i s a t l o n of the s u b s t i t u t e d p y r i d i n e (31) over K-16 c a t a l y s t 









C h a t t e r j e a and Prasad have prepared 5H-indeno[1,2-bJpyridin-5-one 
(19) and 2-methyl-5H-lndenof1.2-bJpyridine-5-one (26) i n a s i m i l a r 
manner. The s t a r t i n g m a t e r i a l used by these workers was d i e t h y l 3-
cyano-2-phenylpyrldine-5,6-dicarboxylate (33) prepared from the 
condensation between d i e t h y l ethoxymethyleneoxalacetate (31) and 
3-amlno-3-phenylpropenonltrlle (32) i n a c e t i c a c i d a s shown i n scheme 6. 
Subsequent c y c l l s a t i o n of the a c i d with polyphosphoric a c i d gave (19). 
2-Kethyl-5H-indeno[ 1,2-b]pyridine (26) was prepared i n an analogous way 







In~ 1960^Abramovltch-et a i u s e d - 2 - p h e n y l p y r i d i n e - 3 - c a r b o x y l i c _ a c i d 
(34) a s the s t a r t i n g m a t e r i a l f o r the s y n t h e s i s of 5H-indena[1.2-b) 
pyrldin-5-one (19). They obtained the a c i d (34) from r e a c t i o n of 
phenyl l i t h i u m with 3-methylpyridine, o x i d a t i o n of the product with a 
r e f l u x i n g s o l u t i o n of potassium permanganate gave the a c i d (34) i n 407^ 
y i e l d . Treatment of the a c i d c h l o r i d e with aluminium c h l o r i d e gave the 







I n a r e l a t e d s y n t h e s i s , Fuson and M i l l e r and l a t e r P e r i n - R o u s s e l and 
Jacquignon prepared 9H-indeno[2,l-c)pyridln-9-one (37) i n 19% and 23% 
y i e l d r e s p e c t i v e l y . S t a r t i n g from 2 , 4 , 6 - t r i m e t h y l p h e n y l - 3 - p y r i d y l 
ketone (35), r e a c t i o n w i t h phenylmagnesium bromide and subsequent 
dehydrogenation produced 3 - ( 4 - p h e n y l p y r i d y l ) - 2 , 4 , 6 - t r i m e t h y l p h e n y l 
ketone (36). Treatment of t h i s s u b s t i t u t e d ketone with polyphosphorlc 




S y n t h e s i s o f - s u b s t i t u t e d indenopyridines v i a d e h y d r o c y c l i s a t i o n - o f the-
appropriate p y r i d i n e has been reported by s e v e r a l workers. Thus 
Prostakov e t al prepared 3-methyl-9H-lndeno[2,1-clpyridine (39) from 
2,5-dlmethyl-4-phenylpyrldine (38) by c a t a l y t i c dehydrogenation of the 
l a t t e r a t 500-520*C I n the presence of K-16 c a t a l y s t (scheme 9 ) . Vhen 
more h i g h l y s u b s t i t u t e d p y r i d i n e s were used e.g. 2,5-dimethyl 4,6-
d i p h e n y l p y r i d i n e (40) the r e a c t i o n mixture became more complex a s 
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In a subsequent r e p o r t by Prostakov improved y l e l d s - o f - s u b s t l t u t e d ^ 
5 H-lndeno[ 1 . 2 - b ] p y r i d i n e s were obtained by d e h y d r o c y c l i s a t i o n of 
2-phenyl - 3-inethyl p y r i d i n e ( 4 1 , R = H > and the 6-phenyl compound ( 4 1 . 
R = C sH g > . Thus 5 H-lndeno[ 1 , 2 - b } p y r i d i n e ( 1 6 . R = H ) and i t s 2-phenyl 
d e r i v a t i v e ( 1 6 . R = C g H s ) were obtained i n 1 9 % and 2 2 % y i e l d r e s p e c t i v e l y 
A d d i t i o n a l l y , d e h y d r o c y c l i s a t i o n of 2 ( 2 *-methyDphenyl p y r i d i n e ( 4 2 ) 
gave 5 H - i n d e n o [ 1 , 2 - b ] p y r i d i n e ( 1 6 . R = H ) i n 1 3 % y i e l d . 
Scheme 11 
\L'\b catolipt 
5 0 0 - 5 5 0 - C 
5CO- 550* C 
(lb) |^=H. 22%. 
A d i f f e r e n t approach t o the formation of the f i v e membered r i n g was 
reported by Igeta et.aJ.'*^. Using f l a s h vacuum p y r o l y s i s (FVP) these 
workers t h e r m a l l y decomposed s u b s t i t u t e d p y r i d i n e N-oxides i n order t o 
prepare a range of h e t e r o c y c l i c compounds. As i n d i c a t e d i n scheme 1 2 , 
p y r o l y s i s <FVP> of 2 ( 2 ' - m e t h y l p h e n y l > p y r i d i n e N-oxlde ( 4 3 ) at 80O'C 
produced 5 H - i n d e n o [ 1 , 2 - b ] p y r i d i n e i n 6 9 % y i e l d a f t e r p u r i f i c a t i o n by 
d i s t i l l a t i o n and column chromatography. Igeta suggests t h a t the 
r e a c t i o n proceeds via a r a d i c a l process, as shown i n scheme 1 2 . 
Scheme 1 2 
gooc 
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Ventrup et.aJ. working at Lausanne, have i n v e s t i g a t e d a novel 
r e a c t i o n of a r y l carbenes i n v o l v i n g sequential r i n g expansion and 
c o n t r a c t i o n . I n t h e i r i n i t i a l s t u d i e s , using high r e s o l u t i o n mass 
spectrometry and proton nmr spectroscopy, they i d e n t i f i e d 5H-
benzlndenot1,2-b]pyridine (45) as one of the products of the thermolysis 
of 3 ( 2 - n a p t h y l ) - v - t r i a z o l o [ 1 , 5 - a l p y r i d l n e (44). The r e a c t i o n was 
suggested t o proceed v i a carbene i n s e r t i o n i n t o both the napthyl and 
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I n a* subsequent p u b l i c a t i o n . - Mayor' and Ventrup conf Irmed the-nature-
of the carbene i n s e r t i o n process using r a d i o - l a b e l l e d substrates. I n 
the same paper the authors reported the synthesis of three isomeric 
indenopyridines. which were prepared by the thermal decomposition of 
phenylpyridyldiazomethanes. Thermolysis of phenyl 3-pyridyldiazomethane 
(46) y i e l d e d a 1:1 mixture of 9H-indeno[ 2,1-b]pyridine <13) and 
5H-indenot2,l-c)pyridine (15), whereas phenyl 4 - p y r i d y l d i a 2 o m e t h a n e (47) 
gave 9H-indenoC2,1-c)pyridine (14); the products obtained are 
.consistent with,the route proposed (scheme 14). 
Scheme 14 
/ \ 
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Ventrup e t . a J ^ -^^-then-extended-thls work by i n v e s t l g a t i n g _ a n _ a l t e r n a -
t t v e procedure f o r generating the carbenes. Thermolysis of 2-phenyl-5 
( 4 - p y r i d y l ) t e t r a z o l e <48) a t 800*C gave 5H-indeno[ 1.2-c)pyridine <15) 
i n 9p7# y i e l d (scheme 15), whereas the Indazole, 3-phenylpyrazolo[ 3,4-b] 
p y r i d i n e (49), gave 5H-indeno[1,2-b)pyridine (16) i n 49% y i e l d 
Scheme 15 
/I 300°C 
(l 5) 90% 
(\b) 
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1.2-3 Type (2) Syntheses I n v o l v i n g Construction of the Pyri'dyl Ring 
S u b s t i t u t e d indanones have also provided a useful s t a r t i n g p o i n t f o r the 
synthesis of the indenopyridine r i n g system. For example, X^hatterjea 
and Prasad used an indanone, 2-hydroxymethyleneindan-l-one (50) as 
s t a r t i n g m a t e r i a l . Condensation of t h i s indanone (50) wi t h 
cyanoethanamide gave a modest y i e l d of 1,3-dihydro-9b(a)hydroxy-3-oxo* 
5H-indeno[ 1 , 2 - b ) p y r i d i n e - 2 - c a r b o n i t r i l e (51). Treatment of t h i s 
m a t e r i a l w i t h h y d r o c h l o r i c a c i d i n a sealed tube gave 2-hydroxy-5H-







An a l t e r n a t i v e synthesis ^® i n v o l v i n g the condensation of 
2-benzylideneindan-l-one (53) w i t h 3-aminobut-2-enocarbonitrile gave 
2-methyl-4-phenyl-5H-indenoC1,2-b3pyrldine-3-carbonitrile (54); 
subsequent h y d r o l y s i s and decarboxylation of t h i s m a t e r i a l gave 2-
methyl-4-phenyl-5H-indeno[1.2-b]pyridine (55) (scheme 17). 
Scheme 17 
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A v i i r i a n t of^'thls sTnthesls involved the~condensation of e t h y l i^dan-
l-one-2-glyoxalate (56) w i t h 3-amino b u t - 2 - e n o c a r b o n i t r i l e t o give the 
ester (57), which was then converted t o 2-methyl 5H-indeno[1,2-b3 







i) H,O0 • 
S k a t t e r b o l and Berg-Nellson used 1,3-dioxoindane (58) i n t h e i r 
synthesis of 5H-indenot1,2-b3pyridin-5-one (19) as i l l u s t r a t e d i n scheme 
19, 3-(2-propynylamino)inden-l-one (59) was obtained from r e a c t i o n 
between the dione and 3-aminopropyne, and then converted t o 1.2-dihydro 
5H-indenotl,2-b3pyridin-5-one (60). The dlhydro compound was then 
dehydrogenated t o the indenopyridinone (19) by treatment w i t h n i t r o - ; 
benzene. S k a t t e r b o l and Berg-Nellson suggest t h a t the conversion of the 
propynylaminoindane t o the dihydroindenopyridine i n v o l v e d Amino-Claisen 
rearrangment and r i n g c losure, as shown below. 
Scheme 19 
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A-slml l a r synthesis-was- reported^by-ParceM-and Hauck '^^-who-described--
the preparation of 5H-indeno[1.2-b)pyridine (16) using 1 - ( N - p i p e r i d i n y l ) 
indene <61) as s t a r t i n g m a t e r i a l (scheme 20). Reaction of the enamine 
w i t h 3-bromopropylamine hydrobromlde gave the t e t r a h y d r o d e r i v a t i v e (62) 
which was dehydrogenated by heating under r e f l u x w i t h nitrobenzene and 
xylene i n contact w i t h a palladium c a t a l y s t on carbon t o give the 
indenopyridine (16) i n 567* y i e l d . 
Scheme 20 .. _ . 





1.2-4 Type (3) Syntheses Invol v l p g ^ S i n g Contraction of bei 
Three of the four possible isomeric indenopyridines have been prepared 
from the corresponding benzoqulnolines or benz-isoquinollnes. 
Chatterjea and Prasad ""^ ^ also Koelsch and Lin d q u l s t have used 
benz(h)isoquinoline (63) as s t a r t i n g m a t e r i a l f o r the synthesis of 5H-
inde n o t l , 2 - c ] p y r i d i n - 5 - o n e (65) (scheme 21). These workers oxidised the 
i s o q u i n o l i n e w i t h potassium permanganate and i s o l a t e d 3-(pheDyl-2-
-carboxylic a c i d ) p y r i d i n e - 4 - c a r b o x y l i c a c i d (64). which was then 
pyrolysed at 360*C t o give 5H-indeno[1,2-c]pyridin-5-one i n low y i e l d 
( 2 % ) . The s t a r t i n g m a t e r i a l f o r t h i s synthesis, benz<h)lsoquinollne, 
has been prepared, by m u l t i - s t e p synthesis, by both Chatterjea and 
Prasad '^ ^ and by Elroy and Deryckere as shown i n schemes (22 and 23) 
r e s p e c t i v e l y . 
Scheme 21 
COzH 
Synthesis of ben z ( h ) i s o q u t n o l l n e (63) 












Ventrup used a s i m i l a r route t o prepare 9H-indeno[ 2. l - b l pyridin-9-one 




Kloc et al increased the y i e l d s of the indenopyridlnes (scheme 25) by 
con v e r t i n g the q u i n o l i n e , using i o d i n e pentoxide as the o x i d i s i n g agent, 
I n t o the corresponding benz(f)quinolin-9,10-dione (67) which was then 
t r e a t e d w i t h hot alJcall t o give 9H-indenot2.1-b)pyridln-9-one (23) i n 
42% y i e l d . 
Scheme 25 
o 
(23) S S % 
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I n a s i m i l a r way, these workers prepared 5H-indenot1.2-b]pyridin-5-one 
(19) i n 56% y i e l d from benz(h)quinolin-5.6-dione (68) (scheme 26). 
Scheme 26 
o 
In each example described, when a l k a l i n e r e a c t i o n c o n d i t i o n s were used, 
(schemes 24, 25 and 26) i t i s probable t h a t the r e a c t i o n proceeds v i a a 
B e n z i l - b e n z i l i c a c i d rearrangement, accompanied by subsequent 
decarboxylation and o x i d a t i o n . 
1,2-5 fiiiTTTTTtfiry nf P u b l i s h e d S y n t h e t i c Routes 
The s y n t h e t i c routes t o the indenopyridine r i n g system, described i n 
s e c t i o n s 1,2-2 t o 1,2-4, have v a r y i n g e f f i c i e n c i e s . Considering a l l 
routes, t h a t described by P a r c e l l and Hauck ( s e c t i o n 1,2-3) and t h a t of 
Kloc et.aJ. ( s e c t i o n 1.2-4) appear the most s u i t a b l e f o r the production 
of gramme q u a n t i t i e s of Indenopyridines. 
I n general, although most other syntheses described i n the preceeding 
s e c t i o n s c l a i m good y i e l d s from the l a s t step, the o v e r a l l y i e l d s from 
accessible m a t e r i a l s are i n v a r i a b l y low. The synthesis of the s t a r t i n g 
m a t e r i a l s themselves i s o f t e n m u l t i - s t e p , or i f a v a i l a b l e commercially, 
the s t a r t i n g m a t e r i a l s are o f t e n expensive. 
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1,2-6 Synthesis of Reduced Indenopyridlne (kampounds 
In the preceding sections, some of the routes t h a t have been described 
proceed by way of p a r t i a l l y reduced indenopyridines. Several workers 
have d i r e c t e d t h e i r e f f o r t s t o prepare compounds of t h i s type due t o 
commercial i n t e r e s t i n t h i s f l e x i b l e r i n g system. Ebnother et al 
have synthesised a range of N-alkylated d e r i v a t i v e s of 1,3,4,4a,9b-





The f o l l o w i n g pharmacological e f f e c t s have been found t o be produced by 
compounds of t h i s type; s a l i d i u r e t i c e f f e c t s . I n h i b i t i o n of aggressive 
behaviour i n mammals (mice), a n t i p h l o g i s t i c e f f e c t s and hypotensive 
a c t i v i t y . 
Leeming et al a l s o prepared a range of d e r i v a t i v e s of 1,2,3,4,4a,9b-
hexahydro-5H-indeno[ 1,2-b]pyridine (70) using a p p r o p r i a t e l y s u b s t i t u t e d 





Two other groups of workers, viz, Hukerjee and Pathak and Groves and 
Swan have synthesised a number of hexahydro-5H-indenot1,2-bJ 
p y r i d i n e s f o r screening as p o t e n t i a l analgesic compounds. The s y n t h e t i c 
route which they used (scheme 29) Involved condensation of sodio d i e t h y l 
(l-oxo-2-indanyl)malonate (71) w i t h c h l o r o a c e t o n l t r l l e t o give the 
c a r b o n i t r i l e (72); subsequent hydrogenation using Raney n i c k e l , 
accompanied by c y c l i s a t i o n , gave d i e t h y l 1,2,3,4a,9b-pentahydro-5H-
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Hirano Vt~aJ *^ *^ ~have reported~the synthesis of l-methyl-2v3, 4a, 9a-
tetrahydro-9H-indeno[2.l-b]pyridin-4-one (74) by condensation of 
2-indanone w i t h e t h y l 3-methylaminopropanoate (scheme 30). 
Scheme 30 





Using t h i s procedure, a range of d e r i v a t i v e s was prepared w i t h the 
o b j e c t i v e of determining whether compounds of t h i s type possess any 
a c t i v i t y s i m i l a r t o t h a t of l y s e r g i c acid. 
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1,3-1 ReactlPDS and Properties of IndenQpyridlnes 
I n v e s t i g a t i o n s i n t o the r e a c t i o n s and p r o p e r t i e s of the isomeric 
indenopyridines have followed from the h i s t o r i c a l developments 
concerning t h e i r synthesis. The f i r s t compound from t h i s group t o 
receive a t t e n t i o n was 1,3-dimethyl-9H-indeno[ 2,1-c]pyridln-9-one (30). 
I t was shown by Sturgeon "„that d e r i v a t i v e s of t h i s m a t e r i a l e x h i b i t e d 
spasmolytic a c t i v i t y i n rodents. In subsequent years a t t e n t i o n has 
turned t o 9H-indeno[ 2,1-b]pyridine (13) and 5H-indeno[1,2-b]pyridine 
(16). The remaining isomer; 5H-indeno[1,2-c]pyridine (15) has received 
l i t t l e a t t e n t i o n i n the chemical l i t e r a t u r e , r e f l e c t i n g the d i f f i c u l t i e s 
i n s y n t h e s i s i n g t h i s m a t e r i a l , and i t s comparative i n s t a b i l i t y ( c . f . 
Mayor and Ventrup ='^). 
There are three main s i t e s i n the r i n g system a v a i l a b l e f o r s y n t h e t i c 
m o d i f i c a t i o n , viz: 
(a) The homonuclear r i n g 
(b) The h e t e r o c y c l i c r i n g 
(c) The methylene carbon 
Of these three s i t e s , the l a t t e r , as i n the case f o r fluorene, has 
received most a t t e n t i o n 
1,3-2 E l e c t r o p h l l l c Substitution l a the HQimnucIear King 
Several workers ^® have prepared n i t r o and halogen d e r i v a t i v e s of 
indenopyridines. I n a l l cases re p o r t e d the s u b s t i t u e n t ( - n i t r o ; -bromo) 
enters a t the 7-C position.(scheme 31). This i s i n accord w i t h the 
t h e o r e t i c a l s t u d i e s reported by Mlochowski and Szulc ( s e c t i o n 1,1-8) 
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'c»^ s Hz^O^, HNO3J:/ 
) t o n o n l t r a t l o n provides a us e f u l r o u t e t o a v a r i e t y of oth e r d e r i v a t i v e s 
using standard s y n t h e t i c r e a c t i o n s . 
Mlochowski and Szulc have reported the preparation of mono-bromo 
d e r i v a t i v e s o f two indenopyrldines, CscAeine 32) 
viz. 9H-indeno[2, l - b ) p y r i d i n - 9 - o n e (23) and 5H-indeno[ 1.2-b)pyridin-5-
one (19), 
Scheme 32 




Under more vigorous brominatlon c o n d i t i o n s (using f o u r equivaTents of 
the bromlnatlng reagent), mixtures of mono- d i - and tri-brorao 




1.3-3 Reactions I n v o l v i n g the Heterocyclic Ring 
The main r e p o r t s concerning r e a c t i o n s of the h e t e r o c y c l i c r i n g are 
associated w i t h the d e r i v a t i s a t i o n of the p y r i d y l n i t r o g e n atom i . e . 
N-oxidation and N - a l k y l a t i o n . In r e p o r t s by Kloc e t s2 and by 
Prostakov concerning N-methylatlon of 9H-indeno[ 2, l-b) p y r i d i n e (13), 
5H-indenoll,2-b3pyridine (16) and t h e i r oxo d e r i v a t i v e s (19,23), i t was 
shown t h a t the r e a c t i v i t i e s of the two isomers d i f f e r , 5H-indeno[1,2-
b ] p y r i d i n e being less n u c l e o p h l l i c than expected, due t o the e f f e c t of 
s t e r i c hindrance from the 9-H atom t o the lone p a i r of el e c t r o n s on the 
p y r i d y l nitrogen. 
X. CH^:C=0 
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The f e a c t l v r t i e s of these compbuncis" has a l s o been compared~34' by 
determining the r a t e constants f o r t h e i r N-methylation. (Table X). The 
data shows t h a t the indenopyridines (13,16) are more r e a c t i v e t o N-
a l k y l a t i o n than the oxo compounds (23,19), t h i s e f f e c t being associated 
w i t h the e l e c t r o n withdrawing e f f e c t s of the carbonyl group which 
decreases the n u c l e o p h i l i c i t y of the p y r i d y l nitrogen. Also the marked 
d i f f e r e n c e i n the r a t e of r e a c t i o n of QH-indenoC2,1-b)pyridine (13) and 
i t s oxo d e r i v a t i v e (23) suggests t h a t an a d d i t i o n a l s t e r l c e f f e c t i s 
present. 
Table X; Re l a t i v e r a t e of r e a c t i o n , N-methylatlon 
Nuober Compound R e l a t i v e r a t e 
23 9 H - i n d e n o [ 2 , l - b ] p y r i d i n - 9 - o n e 1 
13 9 H - i n d e n o [ 2 , l - b ] p y r i d i n e 100 
19 5 H - i n d e n o t l , 2 - b ] p y r i d i n - S - o n e 1 
16 S H - i n d e n o C l , 2 - b } p y r i d i n e 9 
More r e c e n t l y , Prostakov et al have reported an i n t e r e s t i n g r e a c t i o n 
which involved conversion of the N-acetyl (or H-benzoyl) d e r i v a t i v e of 
9H-lndenot2,1-b]pyridine (13) t o the corresponding 9-acetyl 
(or 9-benzoyl) compound (76) a f t e r treatment of (75) w i t h 




80*C I U C75; 55% 
6F,, E.\0 
© CI® 
Prostakov e t al investigated'the"mechanism of t h i s t r a n s f o r m a t i o n by 
model experiments w i t h fluorene. Treatment of a mixture of fluorene and 
the R-acetyl d e r i v a t i v e (75) ,as above, gave s o l e l y the the 9-acetyl 
d e r i v a t i v e <76) and no product derived from fluorene. Therefore 
demonstrating the r e a c t i o n t o occur by i n t r a m o l e c u l a r r e a c t i o n . 
Prostakov and co-workers have al s o shown t h a t H-methyl, N-phenacyl 
and II-(4-nitrophenacyl) d e r i v a t i v e s of 9H-indenoC 2, 1-b] p y r i d i n e (13) can 
be converted, v i a the intermediate p y r i d i n i u m s a l t s , i n t o the 1-H 




1,3-4 Reactions I n v o l Y l n g - A d d i t i o n t o an Qynnrnvp 
a t the Bridge Carbon 
Carbonyl groups i n v o l v i n g the bridge carbon i n the isomeric 
indenopyridines undergo t y p i c a l a d d i t i o n reactions. Such groups are 
e a s i l y reduced using e i t h e r sodium borohydride, or zinc i n aqueous ac i d , 




( - Z n / H C l ) 
(78) 
The hydroxy compound (78) can then be used as a s t a r t i n g m a t e r i a l f o r 




9,7. ' •CH3 
The carbonyl compounds al s o react w i t h organometallic and Grlgnard 
reagents. Prostakov et al has reported the preparation of a-
hydroxyaryl and a l k y l d e r i v a t i v e s (79,80; scheme 38) of 5H-indeno 





More r e c e n t l y , Vieczorek et al have prepared several phosphonic a c i d 
d e r i v a t i v e s of the indenopyridines as analogues of morphactins. These 
compounds have been screened f o r b i o l o g i c a l a c t i v i t y , but the r e s u l t s 











Reductibn~of "the" carbonyl to~a methylene group using" V o l f f ^ K i s h n e r " 
c o n d i t i o n s has been reported by Hlochowski et a i These workers a l s o 
observed the formation of the dimeric compound (84) i n 11% y i e l d when 
using the Huang-Minion m o d i f i c a t i o n f o r the r e d u c t i o n of the 5H-indeno 
Cl,2-b]pyridlne-5-one (19, scheme 40); even using an excess of 
hydrazine, the dimer (64) was s t i l l obtained 
Scheme 40 
1> 
( lb) S 4 % 
I n a l a t e r p u b l i c a t i o n the same authors reported the i n v e s t i g a t i o n 
of the mechanism by which the dimer was assumed t o be formed. The 
intermediate hydrazones (85) were i s o l a t e d and then autoclaved when only 




I t~Sas'been" suggested by Eda~"et a i ^ * ^ ^ and by Klochowskl^and Szulc 
t h a t the dliDer a r i s e s from the recombination of r a d i c a l s formed as a 












In c o n t r a s t r e d u c t i o n of 9H-indenoC2,1-b]pyridin-9-one (23) gave"only -
the reduced compound (13) and none of the corresponding dimeric 
product. V i t h t h i s isomer the hydrazone (87) i s s t a b i l i s e d by fo r m a t i o n 
of an i n t r a m o l e c u l a r hydrogen bond which prevents formation of the 
intermediate (86a) i n scheme 42. 
(87) 
One f u r t h e r standard r e a c t i o n of the carbonyl group i n these 
indenopyridine d e r i v a t i v e s i s the formation of t h e i r oximes (88a,b) by 
r e a c t i o n w i t h hydroxylamine 
Scheme 43 
NHjOH 
1,3-5 R e a c t i v i t y of the Hethylene Group 
S u b s t i t u t i o n r e a c t i o n s of the methylene protons of the indenopyridines 
have been i n v e s t i g a t e d by Prostakov and co-workers 
A l l of the r e a c t i o n s reported involved n u c l e o p h i l i c a t t a c k by the 
indenopyridine carbanion on an e l e c t r o p h i l e . One such r e a c t i o n i n v o l v e d 
the p r e p a r a t i o n of cyanoethyl d e r i v a t i v e s of the indenopyridines 
(13.39,16). One of them, 5, 5'- Ws-cyanoethyl-5H-indeno[ 1,2-bl p y r i d i n e 
(89), was converted t o methyl 5H-lndeno(1,2-b)pyridin-5-spiro-








A more d i r e c t route t o spiro compounds was i n v e s t i g a t e d by Prostakov et 
al Reaction of the carbanion, obtained by treatment of 5H-indeno 
[1.2-b]pyridlne-5-one (16) w i t h potassium i n dimethylsulphoxide, w i t h 
e t h y l cinnamate (91) gave e t h y l 5H-indeno[1»2-b]pyridin-5-spira-
1(cyclbhexane 2',6'-dlphenyl-3'-carboxylate) (92). (scheme 45) 
Scheme 45 
^ - D^ S^o 
2hr Got 
Prostakov*s group has al s o used phase t r a n s f e r c a t a l y s i s f o r the 
production of spiro compounds de r i v e d from indenopyridines. An aqueous 
s o l u t i o n of sodium hydroxide c o n t a i n i n g triethylbenzylaramonlum c h l o r i d e 
(TEBAC) i n c o n j u n c t i o n w i t h a s o l u t i o n of 9H-indeno[2,1-blpyridine (13) 
i n carbon t e t r a c h l o r i d e gave the spiro compounds (93a,93b) i n 2416 y i e l d , 
(Scheme 46). 
48-
other products i s o l a t e d from the r e a c t i o n were the dichloro"compound 







These workers a l s o c a r r i e d out t h i s r e a c t i o n using 5H-indeno[ 1,2-b] 
p y r i d i n e <16) and 3-methyl-9H-indeno[2,1-b)pyridine (39). These 
s t a r t i n g m a t e r i a l s y i e l d e d the product p r o f i l e s summarised i n schemes 47 








lEMC Ma OH(aa) 
CH, C.H5CHO; 
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173-6 Klscellaneous R P H c t i b n s of the rhdPnopyrirf|np;^ 
(a) Formation of c o o r d i n a t i o n compounds; I t has been reported by Zaitzev 
et al t h a t the oxime of 9H-lndeno( 2,1-b]pyridine (88b) can form 
chelate complexes w i t h s i l v e r or copper; neutral or charged complexes 
were obtained, depending on the preparative method used (scheme 49). 
Scheme 49 
I;I /AcetDoe 
+ K e 
(b) Formation of t r i c a r b o n y l chromium complexes; Nesmeyanov and • 
Ustynyuk "^"^  have syntheslsed several W-donor and n*^-complexes using 
indenopyridines'(13,14,15,16) and t r a n s i t i o n metal carbonyls. Reaction 
of the indenopyridines w i t h chromium hexacarbonyl gave predominantly 
n^-complexes (102) i n about 10-20% y i e l d , scheme 50. Vhen 
indenopyridines were t r e a t e d w i t h tris^amino chromiumtricarbonyl, 
mixtures of the n^-arene and N-donor complexes (103) were obtained. The 
r e a c t i v i t y of these n'^-complexes was studied; i n p a r t i c u l a r , i t was 
found t h a t the complexes could be deprotonated at the methylene bridge 
enabling the r e s u l t a n t carbanions (104,106) t o be a l k y l a t e d (105) and 
acy l a t e d (107) (scheme 51). 
Scheme 50 
Ob; Cr(CD)3 (102) 757. 
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2,1-1 Atlemp-ted Synthesis of Aza Apalogues of Itorpbacti nc; hy thn 
;lLu?_^axj[:dja&ejiientL^JLitenzfl<^ul 
As morphactins have been produced by the Benzi1-benzi11c acid 
rearrangement of phenanthraquinone . i t was decided t o commence the 
present p r o j e c t by i n v e s t i g a t i n g the rearrangement of bensoquinoline 
diones. Anschutz and Japp have prepared f1uorene-9-one (109) by 
t r e a t i n g phenanthraquinone (108) w i t h sodium hydroxide and potassium 
permanganate; Friedlander however, obtained 9-hydroxyiluorene-9-
c a r b o x y l i c a c i d (10) by t r e a t i n g the dione (108) wi t h a l k a l i alone 
(Scheme 52). 
Scheme 52 
No OH KMr^O, 90% 
O09) 
:5% 
( 1 0 ) 
-52 
As p r e v i o u s l y reported i n s e c t i o n l , : ^ ' - ' i (page 33), Kloc had prepared 
9H-indeno(2,1-b]pyridin-9-one (23> and SH-indenol1,2-b)pyridin-5-one 
(19) by t r e a t i n g the appropriate ben::oquinoHnedione precursors w i t h hot 
a l k a l i . I t seemed l i k e l y t h a t i n these two cases the i n i t i a l l y formed 
a-hydroxy acids had undergone o x i d a t i v e decarboxylation to y i e l d the 
ketones (19, 23). I t was t h e r e f o r e hoped t h a t c o n d i t i o n s could be found 
under which the diones could be converted t o the a-hydroxy acids without 
subsequent o x i d a t i v e decarboxylation of the l a t t e r . Preparation of two 
of the f o u r isomeric benzoquinolinediones required as s t a r t i n g m a t e r i a l s 
f o r the i n v e s t i g a t i o n has been reported. Kloc et al have prepared 
b e n 2(f)quinolin-9,10-dione (67) and benz(h)quinolin-5,6-dione (68) by 
o x i d a t i o n of the corresponding benzquinolines using iodine pentoxide. 
Subsequently these workers a l s o prepared oxo d e r i v a t i v e s viz. 5H-
IndenoC1,2-bl pyridtn-5-one (19) and 9H-indeno[2,l - b 3pyridin-9-one (23) 
by treatment of the appropriate dione w i t h hot sodium hydroxide s o l u t i o n 
(85'C; 0.5-3 hours). I t i s possible t h a t the oxo d e r i v a t i v e s arose due 
t o the c o n d i t i o n s employed C e.g. 10% sodium hydroxide; 80-85*C; 3 hrs.) 
causing decarboxylation of the sodium s a l t of the intermediate ct-hydroxy 
acids, f o l l o w e d by o x i d a t i o n of the decarboxylated product. 
The r e s u l t s of i n i t i a l s t u d i e s on the b e n z i l - b e n z i l i c a c i d rearrangement 
of both diones (67,68) t r e a t e d w i t h 10% sodium hydroxide; 60'C; 0.5 
hours, were d i s a p p o i n t i n g . I n the case of benz(f)quinolin-9,10-dione 
(67) only a low y i e l d of the oxo d e r i v a t i v e (23; 5%) was i s o l a t e d from 
the t a r r y r e a c t i o n product; none of the expected ot-hydroxy a c i d could be 
detected. Treatment of benz(h)quinolin-5,6-dione (68) under s i m i l a r 
c o n d i t i o n s was a l s o u n s a t i s f a c t o r y as the only m a t e r i a l t h a t was 
i s o l a t e d was again the oxo d e r i v a t i v e (19). Several subsequent 
experiments were c a r r i e d out under an atmosphere of n i t r o g e n using 
d i f f e r e n t r e a c t i o n times (0.5-4 hours) and temperatures (45'-95'C) but 




I'he f a c t that o x i d a t i v e - d e c a r b o x y l a t i o n occured even under nitrogen 
suggested that an oxidant, other than dissolved oxygen, was present. 
One possible candidate appeared t o be r e s i d u a l iodine i n the diones. the 
l a t t e r having been prepared by o x i d a t i o n of benz(h)quinoline or 
benz(f>quinoline w i t h iodine pentoxide. A t t e n t i o n was t h e r e f o r e 
d i r e c t e d t o the preparation of the diones. The modified p u r i f i c a t i o n 
procedure which was developed used sodium th i o s u l p h a t e i n conjunction 
w i t h e i t h e r chloroform or dichloromethane t o e x t r a c t the iodine from the 
crude diones. The melting p o i n t s of the products so obtained were close 
to those reported by Kloc et al . Their appearance and s o l u b i l i t y , 
however d i f f e r e d s i g n i f i c a n t l y . Kloc et al had obtained m a t e r i a l s which 
were i n s o l u b l e i n chloroform or dimethylsulphoxide and which were deeply 
coloured e.g. dark brown. In c o n t r a s t the m a t e r i a l s obtained using the 
modified procedure were f r e e l y s o l u b l e i n chloroform and were b r i g h t 
yellow i n colour. The d i f f e r e n c e s between the products obtained by the 
two procedures suggested t h a t those obtained using the modified process 
required f u r t h e r c h a r a c t e r i s a t i o n by i n f r a red and proton n.ra.r. 
spectroscopy. The spectra obtained i n d i c a t e d t h a t the m a t e r i a l s were i n 
f a c t , the diones. Strong carbonyl absorptions (1680<s) and 1665(s)cm"M 
were present i n the i n f r a - r e d spectrum, whereas absorption bands 
corresponding t o hydroxyl s t r e t c h i n g (3600-3400cm~') and p y r i d i n i u m 
s a l t s (;'C=N* 2500-2325cm-') were absent. 
The proton n.ra.r. spectra were also c o n s i s t e n t w i t h the proposed dione 
s t r u c t u r e ( appendix I I ; 1,2). The mass spectra ( appendix I ; 5,6,7), 
however, caused concern due t o the presence of s i g n a l s corresponding t o 
H+2 and M+3 species from both diones, apparently i n d i c a t i v e of the 
presence of incompletely oxidised compounds such as (112a,b). 
(I12b> 
5-1 
The H+2 and K+3 s i g n a l s were notic e a b l y stronger i n the mass spectrum of 
the benz(f)quinolin-9,10-dione (67; 1,5) than i n th a t of the benz(h) 
quinolin-5,6-dione (68; 1,7). In view of the possible presence of 
i m p u r i t i e s such as 112a,b f u r t h e r attempts were made t o obtain pure 
materials. Vacuum sublimation of the diones, however, f a i l e d t o reveal 
the presence of any s i g n i f i c a n t q u a n t i t i e s of i n p u r i t i e s i n the 
sublimate or residue and i n a d d i t i o n they were chromatographically 
homogeneous. 
Subsequently a search of the l i t e r a t u r e revealed t h a t ortho-quinones 
which possess a high r e d u c t i o n p o t e n t i a l are capable of being reduced i n 
the i n l e t system of a mass spectrometer, by the a c t i o n of water 
Consequently, a sample of benz(f)quinolin-9,10-dione (67) was r e -
examined by P Bond at Scherlng AG t o determine whether r e d u c t i o n was 
oc c u r r i n g i n t h i s case. The dione (67) was introduced i n t o the mass 
spectrometer f i r s t w i t h water, then w i t h deuterium oxide. The spectra 
obtained from the f i r s t experiment ( appendix I ; 6-2) demonstrated t h a t 
the s i g n a l s corresponding t o M+2 and M+3 were enhanced when water was 
introduced. Vhen the experiment was repeated using deuterium oxide, 
s i g n a l s corresponding t o M+4 and M+5 were observed ( appendix I ; 6-3). 
These r e s u l t s are compatible w i t h the conclusion reached previ o u s l y , 
i.e . t h a t the diones were homogeneous, and t h a t p a r t i a l r e d u c t i o n of 
benz(f)quinolin-9,10-dione occurred w i t h both water and deuterium oxide 
i n the i n l e t system of the mass spectrometer. On having e s t a b l i s h e d 
t h a t the diones were f r e e from iod i n e , f u r t h e r attempts were made t o 
e f f e c t the b e n z i l - b e n z i l i c a c i d rearrangement. Several f u r t h e r 
experiments were performed based on the procedures of Klosa "^-^  and Oda 
Although Klosa was able t o obt a i n the sodium s a l t of 
d i ( 2 p y r i d inyDhydroxyethanoic a c i d (114) i n 87% y i e l d by t r e a t i n g the 
dione (113) w i t h a 17* s o l u t i o n of sodium hydroxide i n aqueous methanol 
f o r 10 minutes, attempts t o recover the f r e e a-hydroxy a c i d from the 
s a l t lead t o decarboxylation and only the hydroxy compound (115) was 
i s o l a t e d (scheme 53). 
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Scheme 53 
Oda "^"^  i n v e s t i g a t e d the b e n z i l - b e n z l l i c a c i d rearrangement of a s e r i e s 
of d i - p y r i d i n y l and p h e n y l - p y r i d i n y l diketones. For example (scheme 54) 
treatment of d i ( 3 - p y r i d i n y l ) e t h a n e d i o n e (116) w i t h aqueous sodium 
hydroxide a t SOX gave d i ( 3 - p y r i d l n y l ) h y d r o x y e t h a n o i c a c i d (117) i n 64% 
y i e l d and the corresponding hydroxy compound d l ( 3 - p y r l d l n y l ) m e t h a n o l 
(118) i n 11% y i e l d . 
Scheme 54 
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I n the present work, treatment of benz(f)quinolin-9,10-dlone (67)^^65' 
sodium hydroxide-(10%) a t eO-85*C-gave t h e ' o x o - d e r l v a t i v e ' ' ^ - ^ - ^ - ^ -
9H-lndenoC2.l-b]pyridlne-9-one (23) i n 17% y i e l d , work up of the aqueous 
phase as described by Oda i . e . the pH was reduced w i t h acid, then 
t r e a t e d w i t h c o p p e r ( I I ) a c e t a t e and l y o p h l l l s a t l o n gave a s o l i d from 
which (RS)9-hydroxy-9H-indeno[2,1-b]pyridine (119) was e x t r a c t e d i n 3% 





Attempts t o I s o l a t e other products from the t a r r y residues using t h i n 
layer chromatography and f l a s h chromatography proved f r u i t l e s s . 
A s i m i l a r r e a c t i o n using benz(h)quinolin-5,6-dlone (scheme 56) gave 
considerably less of the oxo d e r i v a t i v e , 5H-indeno[1,2-b)pyridin-5-one 
(19; 3% y i e l d ) . I n a d d i t i o n , (RS)5-hydroxy-5H-indenoC1,2-b3pyridine 




( I 20 ) 3 5 % 
I s o l a t i o n of these hydroxy compounds (119,120) suggests t h a t the de s i r e d 
a-hydroxy acids are formed d u r i n g the rearrangement but undergo a f a c i l e 
decarboxylation. This i n t e r p r e t a t i o n of the r e s u l t s i s supported by 
f u r t h e r observations of i n t e r alia Klosa Oda "^ ^ and N o v e l l i and 
B a r r i o I n each case s t u d i e d by these workers, i n v o l v i n g the b e n z i l -
b e n z i l i c a c i d rearrangement'of"dlones c o n t a i n i n g a' p y r l d y l ' moeity.' both 
the desired o-hydroxy a c i d (or sodium s a l t ) was obtained together w i t h 
the decaboxylated product. There are several grounds f o r accepting t h a t 
the h e t e r o c y c l i c a-hydroxy acids produced by Klosa and by Oda and al s o 
those assumed t o be intermediates i n the rearrangements, above (schemes 
55 and 56), would undergo de-carboxylation e a s i l y . 
•57 
The charge i n an a n i o n i c t r a n s i t i o n ' s t a t e would be s t a b i l i s e d - b y " -
i n d u c t i v e pol-arisation due t o the N atom (121), and a l s o i n c e r t a i n 
isomers (122), by mesomeric p o l a r i s a t i o n . 
(121) (122) 
A d d i t i o n a l l y , i n the case of the indenopyridines produced by the 
rearrangement o f benzqulnoline diones, the charge could be d e l o c a l i s e d 
throughout" the t r i c y c l i c r i n g system: t h a t i s the anion would be 
pseudoaromatic ( c . / . cyclopentadienyl anion). F i n a l l y , i n view of the 
f a c t t h a t q u i n o l i n e I s known t o promote the de-carboxylation of various 
c a r b o x y l i c a c i d s i t seems l i k e l y t h a t i n t e r m o l e c u l a r c a t a l y s i s i s 
also provided. These f a c t o r s , considered together, account f o r the 
* 
d i f f e r e n c e between the s t a b i l i t y of a-hydroxy acids which have been 
I s o l a t e d from the rearrangement of p h e n y l - p y r i d i n y l diketones and those 
p o s t u l a t e d as intermediates i n the b e n z i l - b e n z i l l c a c i d rearrangement o f 
the benzquinoline diones. 
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The b e n z i l - b e n z i l i c a c i d rearrangement of benzoquinoline diones 
discussed i n the preceding s e c t i o n (2,1-1) i s p o t e n t i a l l y the most 
d i r e c t route t o a-hydroxy a c i d d e r i v a t i v e s of the indenopyridines. 
These rearrangements, however, d i d not produce a-hydroxy acids using 
c o n d i t i o n s which are known t o give moderate y i e l d s from analogous 
p h e n y l - p y r i d i n y l diketones. I t was c l e a r , t h e r e f o r e , t h a t other 
s y n t h e t i c routes t o the desired compounds would have t o be used; 
consequently the f o l l o w i n g s y n t h e t i c s t r a t e g i e s were i n v e s t i g a t e d . 
(1) I n t r o d u c t i o n of a carboxyl group (or a group capable of being 
converted i n t o a carboxyl group) at the methylene p o s i t i o n of the 
indenopyridine followed by i n t r o d u c t i o n of a hydroxy group at the same 
p o s i t i o n ( s e c t i o n 2,2-1). 
(2) Preparation of the hydroxy d e r i v a t i v e a t the methylene p o s i t i o n 
followed by i n t r o d u c t i o n of the carboxyl group (section 2,3-1). 
(3) Formation of an adduct from an a p p r o p r i a t e carbonyl compound, 
followed by conversion of the adduct i n t o an a-hydroxy a c i d or a c i d 
d e r i v a t i v e ( s e c t i o n 2,4-1). 
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2.2-1 Pr_epai:a.U^ji_Qj_Cocbpxyi__i>cciviJ_tijJLe^^^ 
The o b j e c t i v e of t h i s s e c t i o n of the work was t o introduce a carboxyl 
group, or a precursor of a carboxyl group, i n t o the indenopyridine r i n g 
system at the methylene bridge and then t o hydroxylate at the p o s i t i o n 
alpha t o the c a r b o x y l i c a c i d or c a r b o x y l i c a c i d d e r i v a t i v e . A study of 
the l i t e r a t u r e shows th a t the carboxyl group can be r e a d i l y introduced 
t o the fluorene system at the 9 - p o s i t i o n . 
A number of r e p o r t s have appeared i n the l i t e r a t u r e of the preparation 
of a-hydroxyacids and r e l a t e d compounds by h y d r o x y l a t i o n of enolate 
anions (Table X I ) . None of the examples, however, concern pseudo-
aromatic enolates such as would be obtained from a fluorene-9-
carboxylate ester or analogous indenopyridine compound. I t t h e r e f o r e 
seemed de s i r a b l e t o synthesise a range of d e r i v a t i v e s of fluorene-9-
c a r b o x y l i c a c i d and t o study t h e i r h y d r o x y l a t i o n before attempting t o 
apply s i m i l a r r e a c t i o n s t o the less accessible indenopyridines; such a 
s t r a t e g y would also provide an o p p o r t u n i t y t o assess methods which could 
p o s s i b l y be used t o prepare s u i t a b l e indenopyridine carboxylates. 
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In the i n i t i a l stages of t h i s study, f l u o r e n e - 9 - c a r b o x y l i c a c i d (124, 
R=H) was prepared using several d i f f e r e n t routes. Using the procedure 
of Tucker and Vhalley "^ ^^  which involved the preparation of the 
f l u o r e n y l carbanion (123) using n-butyl l i t h i u m , the acid (124, R=H) was 
obtained i n moderate y i e l d (57-667#) (scheme 5 7 ) . The remaining m a t e r i a l 
(30/i) was unreacted s t a r t i n g m a t e r i a l . The l a t t e r can a r i s e i n several 
ways: by incomplete conversion of fluorene t o the carbanion, or by 
re a c t i o n of the carbanion w i t h r e s i d u a l moisture. 
Scheme 57 
(24) (123) (124) 
Preparation of the ac i d (124. R=H) v i a methyl f l u o r e n e - 9 - g l y o x a l a t e 
(125) as described by Cambell and Tucker provided no s i g n i f i c a n t 
advantage. H C-C-OCM. 
(125) 
The methyl and e t h y l e s t e r s of f l u o r e n e - 9 - c a r b o x y l i c a c i d (124, R=CH3, 
CHsrCHs) were prepared, i n y i e l d s of 62% and 67% r e s p e c t i v e l y , using a 
procedure s i m i l a r t o t h a t used by Baker t o prepare e t h y l esters. 
The p r e p a r a t i o n of f luorene - 9-II, N-dimethylcarboxamide (127) by r e a c t i o n 
of fluorene - 9-carbonyl c h l o r i d e (126) w i t h dimethylamine. i n the 
presence of t r i e t h y l a m l n e according t o Bavin was unsuccessful (scheme 
5 8 ) . On two occasions the expected product (127) could not be i s o l a t e d 





The procedure of Coppinger was also used, but only a low y i e l d (187,) 
of the carboxamide (127) was obtained, the remaining product consisted 
mainly of t a r r y m a t e r i a l which r e s i s t e d f u r t h e r p u r i f i c a t i o n . 
Another route t o the carboxamide involved r e a c t i o n of dimethylcarbaraoyl 
c h l o r i d e w i t h the flu o r e n e carbanion (123, scheme 59) as described by 
Catteno This procedure, however, again produced only low y i e l d s of 
product (26%). 
Scheme 59 
F l u o r e n e - 9 - c a r b o n i t r i l e (130) was prepared as o u t l i n e d i n scheme 60, 
using the procedure of V i s l i c e n u s and Rub but using sodium 
methylsulphinylmethide as base. Fluorene-9-carbaldehyde (128) was not 
I s o l a t e d , but, converted d i r e c t l y t o i t s oxime (129) i n o v e r a l l y i e l d of 
83%. The oxime was smoothly dehydrated t o the c a r b o n i t r i l e (130) using 
t h l o n y l c h l o r i d e . 
Scheme 60 
1) Na CH S^t^ CH, NH,OH 
H. .ON 
5 0 C I , / 
(130) 
The s e r i e s of f l u o r e n e - 9 - c a r b o x y l i c a c i d d e r i v a t i v e s were then used as 
s t a r t i n g j n a t e r i a l s f o r the i n v e s t i g a t i o n of procedures t o introduce the 
hydroxyl group at the 9- p o s i t i o n . 
64' 
2,2-2 azllydr.Qxy.la_t ion_DiLJU.uc?i:£nez9j^ ^ 
In the i n i t i a l s t u d i e s , e t h y l fluorene-9-carboxylate (124, R=CH:sCH3) was 
hydroxylated using Vedjs '^^  procedure (scheme 61). The r e a c t i o n 
i n v o l v e s low temperature o x i d a t i o n of the enolate anion w i t h the 
molybdenum complex, oxodiperoxopyridinohexamethylphosphorimido 
molybdenum VI CMoOPH). The r e a c t i o n i s thought t o proceed by 
n u c l e o p h i l i c a t t a c k of the enolate anion on the peroxy group of HoOPH 
(scheme 62). Thus the complex acts as an e l e c t r o p h i l i c oxygen donor, 
according t o the mechanism suggested by Vedjs. 
Scheme 61 







L, p y r i d i n e 




The complex, HoOPH, was prepared by the procedure of Kiraoun , using 
the r e a c t i o n s described i n scheme 63. Hydroxylation of the ester 
(124. R=CHi;CH3) using HoOPH prepared by route (A) gave only a poor y i e l d 
(36%) of product (10, R^CH^CHo). I t has been suggested by Vedjs t h a t 
KoOPH prepared using route (A) would be contaminated w i t h hydrate 
species which would consequently lead t o poor y i e l d s due t o pr o t o n a t i o n 
of the enolate anion. 
The h y d r o x y l a t i o n was then repeated, using MoOPH prepared by route (B). 
Improved y i e l d s of product (10, R=CH2CH3; 49%) were obtained, but 
separation of the a-hydroxy ester from the s t a r t i n g m a t e r i a l proved 
d i f f i c u l t due t o the s i m i l a r s o l u b i l i t y and low melting p o i n t of both 
compounds. 
Scheme 63 
M0O3 MoOs. H2:0< HMPT 
Route (A) 






py r i d i n e 
i 
HoOs.HHPT.py 
py denotes p y r i d i n e 
HMPT denotes hexamethylphosphoric triaraide 
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g-Hydroxylation of Fluorene Carboxylic Acid D e r i v a t i v e s w i t h Oxygen 
A general procedure, based upon those of Vasserman & Lipshutz and 
Foote & Vickers was adopted which involved d i r e c t oxygenation of 
the enolate anion between -78" and O'C (scheme 64). The anions were 
prepared i n te t r a h y d r o f u r a n s o l u t i o n using l i t h i u m diisopropylaraide 
(LDA) as the base. These preparations were complicated by p r e c i p i t a t i o n 
of the anions from s o l u t i o n a t -78*C. I n view of t h i s , a d d i t i o n a l 
t e t r a h y d r o f u r a n was added; even so the mixtures d i d not become 
completely homogeneous. Oxygen was then passed through the suspensions 
and the temperature was allowed t o r i s e t o 0*. The hydroperoxy 
compounds which were produced were reduced t o the a-hydroxy esters by 
treatment w i t h sodium s u l p h i t e s o l u t i o n . Using t h i s procedure the 
methyl and e t h y l e s t e r s of 9-hydroxyfluorene-9-carboxylic acid 
(10; R=CH3, CsHs) were prepared i n y i e l d s of 72% and 80% r e s p e c t i v e l y . 
Scheme 64 
HO ^ QO^d HOC CO,fl V 
Hydroxylation of the methyl e s t e r was repeated but the carbanion was 
generated at 0*C i n the hope t h a t i t would remain i n s o l u t i o n a t t h i s 
temperature. However, once again, the r e a c t i o n mixture was not 
homogeneous. Despite t h i s , oxygenation of the suspension produced a 
good y i e l d of the a-hydroxy ester (10, R=CH3; 89%). 
Hydroxylation of fl u o r e n e - 9 - c a r b o x y l i c a c i d (124, R=H): The procedure 
of Hoersch & Zwiesler '^ ^ was used t o hydroxylate the dianion of the 
aci d . A s i m i l a r technique t o t h a t employed previously f o r esters. usl.-:g 
two e q u i v a l e n t s of l i t h i u m diisopropylamide (LDA) i n te t r a h y d r o t u r a n , 
between 0 and 5'C. was employed. 
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Again the dianion separated irora s o l u t i o n desp^'.e the a d d i t i o n of excess 
tet r a b y d r o f u r a n . Oxygen was introduced and a f t e r 1.5 hours a 
homogeneous s o l u t i o n was obtained, f r o a which the a-hydroxy acid was 
i s o l a t e d i n good y i e l d (83%). 
Hydroxylation of fluorene-9-K,N-dimethylcarboxamide (127): The proce-
dure described p r e v i o u s l y f o r esters, (scheme 64), was used t o prepare 
the ot-hydroxy amide (131). However, n - b u t y l l i t h i u m was used as base 
instead of l i t h i u m diisopropylamide (LDA). Again, the r e s u l t a n t enolate 
anion p r e c i p i t a t e d from s o l u t i o n at -10*C, but subsequent oxygenation 
and work up gave the amide (131) i n 45% y i e l d , scheme 65. 
Scheme 65 
ii) 0: 
Hydroxylation of f l u o r e n e - 9 - c a r b o n i t r i l e (130), scheme 66: An attempt 
t o prepare 9 - h y d r o x y f l u o r e n e - 9 - c a r b o n i t r i l e (132) using the procedure 
described f o r esters of f l u o r e n e - 9 - c a r b o x y l i c a c i d gave r i s e t o two 
products. The f i r s t , fluorene-9-one (109) was obtained i n 33% y i e l d . 
Presumably t h i s m a t e r i a l arose by base catalysed e l i m i n a t i o n of hydrogen 
cyanide from the h y d r o x y c a r b o n i t r i l e . The second product was i d e n t i f i e d 
as 9 , 9 ' - b i f l u o r e n e - 9 - c a r b o n i t r i l e (133). This l a s t m a t e r i a l was 
c h a r a c t e r i s e d by comparison w i t h an a u t h e n t i c sample, prepared by the 
procedure of C l a v a l l a et a i . This product must be formed via 
n u c l e o p h i l i c s u b s t i t u t i o n on f l u o r e n e - 9 - c a r b o n i t r i l e (130) by the 
carbanion derived from the c a r b o n i t r i l e . The c o u p l i n g r e a c t i o n i s 
favoured i n t h i s case because the carbanion which i s formed i s a strong 
nucleophile and also contains a good leaving group. This c o n t r a s t s w i t h 
the anions produced i n the other a-hydroxylation r e a c t i o n s described 





The r e s u l t s of the experiments described i n s e c t i o n 2,2-2 i n d i c a t e d t h a t 
a-hydroxylation of f l u o r e n e - 9 - c a r b o x y l i c a c i d and i t s e s t e r or amide 
d e r i v a t i v e s was a p o t e n t i a l l y v i a b l e route t o the corresponding 
a-hydroxy a c i d d e r i v a t i v e s i n the indenopyridines s e r i e s . The work was 
hence extended i n t h i s d i r e c t i o n as described i n s e c t i o n 2,2-3. 
2,2-3 P r e p a r a t i o n n f r » r b o ^ i QprlvatlveR of 5H-ipdPT)nf 1 . ? t - b l p y r i d i n e 
I n i t i a l l y , attempts were made t o prepare the 5-carboxylic a c i d of 
5H-lndeno( 1,2-b]pyridine (16) and v a r i o u s of i t s d e r i v a t i v e s using 
methods s i n l l a r t o those described f o r preparing 9-carboxyl d e r i v a t i v e s 
of fluorene ( s e c t i o n , 2,2-1; scheme 57). Thus, using one equivalent of 
base, c a r b o x y l a t i o n of 5H-indenoC1,2-b]pyridine, (scheme 67) gave a 
crude a c i d which was i s o l a t e d as the hydrochloride s a l t (134). The 
i n f r a - r e d spectrum of the m a t e r i a l contained s t r e t c h i n g frequencies 
corresponding t o the carbonyl group of a c a r b o x y l l c a c i d , and the 
s t r e t c h i n g frequencies associated w i t h the p y r i d l n i u m s a l t . I n attempts 
t o p u r l f y * ' t h l 6 ' m a t e r i a l by r e c r y s t a l l l s a t i o n - f r o m p r o t l c solvents.-^only-
the s t a r t i n g m a t e r i a l (16) could be i s o l a t e d as evidenced by i t s UV 
spectrum and chromatographic m o b i l i t y . I n view of t h i s i t seems 
probable t h a t the indenopyridine arose by decarboxylation of the a c i d 







An attempt was then made t o prepare the H,N-dimethylcarboxamide (135) by 
t r e a t i n g the indenopyridine (16) w i t h one equivalent of base and one 
equivalent of N, N-dimethylcarbamoyl c h l o r i d e (scheme 68). 
Scheme 68 
— — o 
i.) C1CON(CHJ)^ 
(16) (135) 
This r e a c t i o n produced an o i l , which r e q u i r e d f l a s h chromatography "^^  t o 
separate the product from the s t a r t i n g m a t e r i a l . The former, whose 
i n f r a - r e d spectrum contained a stro n g amide carbonyl s t r e t c h a t 
1600 cm"\ was obtained i n about 10% y i e l d . The mass spectrum (appendix 
1,9) of the product was co n s i s t e n t w i t h i t s i d e n t i t y as the 
dimethylcarboxamide (135), but s a t i s f a c t o r y elemental composition was 
not obtained. 
In an e f f o r t t o Improve the y i e l d s of these c a r b o x y l a t i o n s the carbanion 
was prepared, using one equivalent of base, as a solvent separated ion 
p a i r i n order t o enhance i t s r e a c t i v i t y . The solvent system used was 
based on t h a t reported by Bordwell and Hughes who have stu d i e d the 
r e l a t i o n s h i p between n u c l e o p h i l i c i t y and b a s i c i t y i n Sw2 r e a c t i o n s 
between f l u o r e n y l carbanions and e l e c t r o p h i l e s . These workers prepared 
s u b s t i t u t e d f l u o r e n y l carbanions as f u l l y d i s s o c i a t e d Ions i n 
dimethylsulphoxide s o l u t i o n . Two e q u i v a l e n t s of the c a r b o x y l a t i n g 
reagent were used t o a l l o w f o r any r e a c t i o n t h a t might occur at the 
p y r i d y l n i t r o g e n and to reduce the p o s s i b i l i t y of disubst i tu t ion. at the 
5 - p o s l t i o n , the carbanion s o l u t i o n was added to the c a r b o x y l a t i n c 
reagent. 
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This modified procedure was used i n attempts t o prepare e t h y l (RS)5H-
indenot1,2-b]pyridine-5-carbQxylate (136) and methyl (RS)5H-indeno 
[ 1,2-b}pyridlne-5-glyoxalate (137) using r e s p e c t i v e l y , 
ethylchloroformate and diraethylglyoxalate as the c a r b o x y l a t i n g agents 
Unfortunately n e i t h e r r e a c t i o n gave products which p u r i f i e d 
s a t i s f a c t o r i l y even using f l a s h chromatography (scheme 69). 
Scheme 69 
fib) CHjOCOCOjCHj 
F i n a l l y , s u c c e s s f u l l c a r b o x y l a t i o n was obtained using 1.5 equivalents of 
sodium methylsulphinylmethide as base and fo u r equivalents of 
c a r b o x y l a t i n g agent as described i n t e r a i i a by Bordwell et a i and by 
Vi s l i c e n u s and Rub Using dimethylcarbonate as the c a r b o x y l a t i n g 
agent, methyl (RS)5H-indeno[ 1,2-b]pyridine-5-carboxylate (138) was 
obtained i n 90% y i e l d as a red o i l , which was p u r i f i e d by pr e p a r a t i v e 






Using a v a r i a n t o f the r e a c t i o n described i n scheme 70, using e t h y l 
methanoate as an a c y l a t i n g agent. (RS)5H-indeno[1,2-b]pyridine-5-
carbaldehyde (139) was prepared i n q u a n t i t a t i v e y i e l d (scheme 71), The 
carbaldehyde was unusual i n t h a t , i n marked contrast t o fluorene-9-
carbaldehyde (130) which I s an o i l , i t possessed a high melting poi n t . 
The high melting p o i n t may be due t o the compound e x i s t i n g as the enol 
tautoroer i n which case the hydroxyl proton might be able t o form a 
strong i n termolecular hydrogen bond w i t h the p y r i d y l nitrogen. I t was 
found, using proton nmr data (appendix 11,5), t h a t , i n 













I t I s s u r p r i s i n g t h a t t h e two r e a c t i o n s j u s t d e s c r i b e d , schemes 70 and 
7 1 , gave good y i e l d s o f t h e mono s u b s t i t u t e d compounds when 1.5 
e q u i v a l e n t s o f base and f o u r e q u i v a l e n t s o f r e a g e n t were used. These 
c o n d i t i o n s might have been expected t o g i v e r i s e t o d i - s u b s t i t u t i o n a t 
t h e methylene p o s i t i o n ( t h e i n t r o d u c t i o n o f one c a r b o x y l a t e ' g r o u p would 
i n c r e a s e t h e a c i d i t y o f the r e m a i n i n g 5-hydrogen atom). However, 
p r o d u c t i o n o f good y i e l d s of the m o n o - s u b s t i t u t e d d e r i v a t i v e s might be 
due t o the f i r s t g roup p r e v e n t i n g t h e I n t r o d u c t i o n o f t h e second group 
by p r o v i d i n g s t e r i c h i n d r a n c e . A l t e r n a t i v e l y , t h e c a r b a n i o n d e r i v e d 
f r o m t h e n t t j n o - s u b s t i t u t e d d e r i v a t i v e <138a,b) may be such t h a t t h e 




i o n o r These r o u t e s d e s c r i b e d above, I n v o l v i n g m e t h o x y c a r b o n y l a t 
f o r m y l a t i o n , p r o v i d e d d e r i v a t i v e s o f 5 H - i n d e n o [ 1 , 2 - b ) p y r i d i n e i n 
s u f f i c i e n t q u a u n t i t i e s f o r f u r t h e r work. 
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2,2-4 Uy / J x j J x y J ^ t j j ? _ a _ j 3 X _ X e j ; J i j i _ ^ 
K e t h y l ( R S ) 5 H - i n d e n o ( 1 , 2 - b ] p y r i d i n e - 5 - c a r b o x y l a t e <138) was c o n v e r t e d t o 
t h e a-hydroxy d e r i v a t i v e (141) u s i n g t h e method p r e v i o u s l y a p p l i e d t o 
t h e h o m o c y c l i c e s t e r s except t h a t t h e r e a c t i o n was done a t roora 
t e m p e r a t u r e (scheme 64, page 6 7 ) ; t h e average y i e l d o f f o u r p r e p a r a t i o n s 
was ^Q5%. I n some cases crude e s t e r was h y d r o x y l a t e d d i r e c t l y , w i t h o u t 




I t was n o t p o s s i b l e a t t h i s j u n c t u r e , t o i n v e s t i g a t e t h e o f - h y d r o x y l a t i o n 
o f o t h e r d e r i v a t i v e s o f 5H-indeno£1,2-b]pyridine ( 1 6 ) , t h e reason b e i n g 
t h a t t h e d e r i v a t i v e s c o u l d not be p r e p a r e d i n adequate amounts because 
t h e p a r e n t m a t e r i a l , 5 H - i n d e n o t 1 , 2 - b ] p y r i d i n e ( 1 6 ) , became u n a v a i l a b l e 
f r o m commercial sources. ( R S ) 5 - H y d r o x y - 5 H - i n d e n o [ 1 . 2 - b l p y r i d i n e - 5 -
carboxamide (142) was p r e p a r e d , however, by ammonatlon o f t h e e s t e r 
(141) (scheme 7 4 ) , but t h e amount o b t a i n e d was i n s u f f i c i e n t t o a l l o w 







An a l t e r n a t i v e r o u t e t o a-hydroxy a c i d d e r i v a t i v e s o f t h e 
i n d e n o p y r i d i n e s i n v o l v e s t h e p r e p a r a t i o n o f hydroxy d e r i v a t i v e s a t the 
methylene p o s i t i o n f o l l o w e d by i n t r o d u c t i o n o f a c a r b o x y l group. 
To assess t h e v i a b i l i t y o f t h i s approach t o i n d e n o p y r i d i n e s , work was 
done i n i t i a l l y u s i n g 9 - h y d r o x y f l u o r e n e (143) as a model compound. I t 
was c o n s i d e r e d p r u d e n t t o p r o t e c t t h e hy d r o x y g r o u p p r i o r t o a p p l y i n g 
t h e c a r b o x y l a t i o n r e a c t i o n (scheme 70, page 71) t o a v o i d o x i d a t i o n o f 
t h e hydroxy group. 
Consequently two p r o t e c t i n g groups were s e l e c t e d which were s t a b l e t o 
t h e c o n d i t i o n s r e q u i r e d t o e f f e c t t h e c a r b o x y l a t i o n and t h a t would be 
removable i n h i g h y i e l d t o g i v e t h e f r e e hydroxy compound. The 
t e t r a h y d r o p y r a n y l g r o u p and t h e methoxymethyl g r o u p appeared t o meet 
t h e s e c r i t e r i a . 9 - ( 2 ' - T e t r a h y d r o p y r a n y l o x y ) f l u o r e n e (144) was p r e p a r e d 
i n 76% y i e l d by t r e a t i n g 9 - h y d r o x y f l u o r e n e w i t h d i h y d r o p y r a n a c c o r d i n g 
t o Bernady et al (scheme 7 5 ) . The a l t e r n a t i v e d e r i v a t i v e , 
9-(iDethaxymethoxy)f l u o r e n e (145) was o b t a i n e d i n 627# y i e l d u s i n g t he 










Vi) C l C H j O C H j 
— — o 
H. /OCHiOCHj 
(145) 
I n b o t h cases t h e e t h e r s were accompanied by s t a r t i n g m a t e r i a l and 
f l u o r e n - 9 - o n e ( 1 0 9 ) . To o b t a i n pure e t h e r s , t h e crude r e a c t i o n m i x t u r e 
was t r e a t e d w i t h sodium b o r o h y d r i d e t o c o n v e r t f1uorene-9-onG t o 
0 - h y d r o x y f l u o r e n e ( 1 4 3 ) , t h u s p e r m i t t i n g f l a s h chromatography t o be used 
t o o b t a i n t h e pure e t h e r s . 
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A t t e m p t s t o m e t h o x y c a r b o n y l a t e these e t h e r s (144, 145) u s i n g t he 
c o n d i t i o n s d e s c r i b e d p r e v i o u s l y f o r t h e p r e p a r a t i o n of the e s t e r (138, 
scheme 7 0 ) , f a i l e d t o g i v e t h e r e q u i r e d p r o d u c t s . The r e a c t i o n 
c o n d i t i o n s gave a complex m i x t u r e of p r o d u c t s which c o u l d not be 
I d e n t i f i e d . 
Due t o t h e f a i l u r e t o m e t h o x y c a r b o n y l a t e t h e e t h e r s , 9 - h y d r o x y f l u o r e n e 
was t r e a t e d w i t h d i m e t h y l c a r b o n a t e and sodium m e t h y l s u l p h i n y l m e t h i d e 
a c c o r d i n g t o scheme 77. The major p r o d u c t of t h i s r e a c t i o n , however, 
was found t o be 9, 9 ' - d i h y d r o x y b i f l u o r e n e (146; 437»). The o t h e r p r o d u c t s 
t h a t were i s o l a t e d by f l a s h chromatography were; methyl 
9 - h y d r o x y f l u o r e n e - 9 - c a r b o x y l a t e (10, R=CH3; 1 4 % ) , f l u o r e n e - 9 - o n e (109; 







The p r o d u c t i o n o f 9 , 9 ' - d i h y d r o x y b i f l u o r e n e i n the m e t h o x y c a r b o n y l a t i o n 
of 9 - h y d r o x y f l u o r e n e (scheme 77) i s b e l i e v e d t o occur due t o r e a c t i o n 
between the c a r b a n i o n , d e r i v e d f r o m 9 - h y d r o x y f l u o r e n e , and 
f l u o r e n e - 9 - o n e . 
The s y n t h e s e s i n v o l v i n g i n t r o d u c t i o n o f t h e methoxycarbonyl group i n t o 
9 - h y d r o x y f l u o r e n e o r a d e r i v a t i v e was c l e a r l y l e s s s u c c e s s f u l t h a n t h e 
s t r a t e g y o f h y d r o x y l a t i n g a c a r b o x y l d e r i v a t i v e , d e s c r i b e d i n s e c t i o n s 
2,2-2 and 2,2-3, t h e r e f o r e f u r t h e r work i n t h i s area was l i m i t e d t o t h e 
p r e p a r a t i o n o f d e r i v a t i v e s o f ( R S ) 5 - h y d r o x y - 5 H - i n d e n o [ 1 , 2 - b ] p y r i d i n e . 
2.3-2 A t t e n i p t e d p r e p a r a t i o n o f d e r i v a t i v e s o f 
(RS)5-hydroxy-5H-indenQ[1.2-b3 p y r i d i n e 
An a t t e m p t t o p r e p a r e t h e t e t r a h y d r o p y r a n y l o x y d e r i v a t i v e o f 
( R S ) 5 - h y d r o x y - 5 H - i n d e n o [ 1 , 2 - b ] p y r i d i n e (120) u s i n g the same method 
employed f o r t h e p r e p a r a t i o n o f t h e f l u o r e n e d e r i v a t i v e gave o n l y an 
o i l y p r o d u c t which c o u l d n o t be p u r i f i e d s a t i s f a c t o r i l y . C o nsequently 
f u r t h e r work on t h i s s y n t h e s i s and t h e p r e p a r a t i o n o f t h e methoxymethyl 
e t h e r was abandoned i n f a v o u r o f t h e o t h e r main r o u t e s . 
-77' 
2,4-1 5 ^ J t i e s f i S _ J j t t f f l 3 J L Y j j ) S - i i d i ^ ^ 
The t h i r d r o u t e t o i n d e n o p y r i d i n e d e r i v a t i v e s which c o n t a i n an a-hydroxy 
a c i d g r o u p i n v o l v e s t h e f o r m a t i o n o f an adduct from a c a r b o n y l compound 
f o l l o w e d by i t s c o n v e r s i o n i n t o an a-hydroxy a c i d o r a c i d d e r i v a t i v e . 
One p o t e n t i a l l y d i r e c t r o u t e i n v o l v e d p r e p a r a t i o n of an a-hydroxy 
c a r b o n i t r i l e and i t s c o n v e r s i o n i n t o t h e c o r r e s p o n d i n g a-hydroxy a c i d . 
The p r e p a r a t i o n o f an a-hydroxy c a r b o n i t r i l e f r o m h i n d e r e d ketones i s 
u s u a l l y d i f f i c u l t , i f i n d e e d p o s s i b l e , u s i n g aqueous sodium c y a n i d e as 
t h e r e a g e n t The e q u i l i b r i u m c o n s t a n t (K) f o r t h e a d d i t i o n o f 
hydrogen c y a n i d e t o an a l d e h y d e ( e q u a t i o n 1) i s l a r g e ( K=100-1500) e.g. 
benzaldehyde (K=236). I n c o n t r a s t t h e c o n s t a n t f o r a d d i t i o n t o a k e tone 
e.g. acetophenone, under i d e n t i c a l c o n d i t i o n s , i s s m a l l ( K = l ) . T h i s 
d i f f e r e n c e has been r a t i o n a l i s e d i n t e r m s o f two main f a c t o r s i . e . (1) 
t h e c o n s t a n t i s d ecreased by t h e presence o f e l e c t r o n d o n a t i n g groups, 
which s t a b i l i s e ( r e d u c e ) t h e e l e c t r o p h i l i c c h a r a c t e r o f t h e c a r b o n y l . 
(2) The s u b s t i t u e n t s on t h e c a r b o n y l g r o u p a r e moved c l o s e r t o g e t h e r i n 
t h e t e t r a h e d r a l t r a n s i t i o n s t a t e . B u l k y s u b s t i t u e n t s w i l l , t h e r e f o r e , 
p r o v i d e s t e r i c h i n d r a n c e t o t h e r e a c t i o n . 
C = 0 + HCN . C (1) 
ft/ ft^/ ^ C N 
Mechanism 
r a t e = k [ ^ C=0 1 [ "Cin 
HCH + A® HA + CNS ( f a s t ) 
\ \ 
^C=0 + CN« ^ = = i ( s l o w ) 
CN 
+ HA ^ ^® ( l a s t ) 
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I t has been r e p o r t e d however, t h a t d i ^ r y l a-hydroxy c a r b o n i t r i l e s 
can be p r e p a r e d u s i n g c y a n o t r i m e t h y l s i l a n e (TKSCW). T h i s reagent adds 
t o t h e c a r b o n y l g r o u p even i n h i n d e r e d k e t o n e s g i v i n g a t r i m e t b y l s i l y l 
e t h e r which can be c o n v e r t e d t o t h e h y d r o x y c a r b o n i t r i l e by h y d r o l y s i s 
w i t h f o r m i c a c i d . e.g. f l u o r e n e - 9 - o n e (109) was c o n v e r t e d , by Gassman 
and T a l l e y t o 9-hy d r o x y f l u o r e n e - 9 - c a r b o n i t r i l e (147) i n 987* y i e l d . 
T h i s s y n t h e s i s was r e p e a t e d d u r i n g t h e p r e s e n t work and t h e c a r b o n i t r i l e 
was c o n v e r t e d t o t h e a-hydroxy a c i d (10) i n 84% y i e l d (scheme 7 8 ) ; t h i s 






A t t e m p t s were t h e n made t o c o n v e r t 9 H - i n d e n o [ 2 , l - b l p y r i d i n - 9 - o n e ( 2 3 ) , 
and 5H-indeno[ 1 , 2 - b l p y r i d i n - 5 - o n e (19) t o t h e c o r r e s p o n d i n g 
a - h y d r o x y c a r b o n i t r i l e s u s i n g t h e p r o c e d u r e o f Gassman and T a l l e y . The 
cru d e p r o d u c t s were shown t o c o n s i s t l a r g e l y o f t h e h y d r o x y c a r b o n i t r i l e 
as e v i d e n c e d by t h e i r i n f r a - r e d s p e c t r a which c o n t a i n e d b o t h hydroxy and 
c a r b o n i t r i l e s t r e t c h i n g a b s o r p t i o n s . R e c r y s t a l l i s a t i o n , however, 
p r o v i d e d no pure a - h y d r o x y c a r b o n i t r i l e ; i n each case s t a r t i n g m a t e r i a l 
was r e c o v e r e d i n 86% and 84% y i e l d r e s p e c t i v e l y . I t seems l i k e l y t h a t 
t h e c r u d e p r o d u c t s l o s t hydrogen c y a n i d e d u r i n g r e c r y s t a l l i s a t i o n , t h e 
e l i m i n a t i o n p o s s i b l y b e i n g promoted by t h e p y r i d y l n i t r o g e n . T h i s 
i n t e r p r e t a t i o n o f t h e r e s u l t s i s s u p p o r t e d by t h e f a c t t h a t when 
9 - b y d r o x y f l u o r e n e - 9 - c a r b o n i t r i l e was k e p t a t room t e m p e r a t u r e i n a 
c h l o r o f o r m s o l u t i o n c o n t a i n i n g p y r i d i n e a s l o w e l i m i n a t i o n o f hydrogen 
c y a n i d e o c c u r r e d over 23 hours as e v i d e n c e d by t h e l o s s o f hydroxy and 
c a r b o n i t r i l e s t r e t c h i n g a b s o r p t i o n s and concommitant appearance o f a 
c a r b o n y l s t r e t c h i n g a b s o r p t i o n (1725(s)cn) ' ) . 
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I n an a t t e m p t t o p r e v e n t e l i m i n a t i o n o c c u r r i n g f r o m t h e i n d e n o p y r l d i n e 
a d d u c t s t he procedure was m o d i f i e d by t h e a d d i t i o n o f t o l u e n e - 4 -
s u l p h o n i c a c i d . I t was hoped t h a t t h e a c i d would f a c i l i t a t e removal o f 
t h e t r l m e t h y l s i l y l g r o u p and a l s o a l l o w t h e p r o d u c t t o be i s o l a t e d as a 
s a l t (scheme 79). 
T h i s s t r a t e g y was i n f a c t s u c c e s s f u l and a l l o w e d t h e p r o d u c t t o be 
i s o l a t e d as i t s t o l u e n e - 4 - s u l p h o n a t e s a l t (149) i n 927* y i e l d . 
Scheme 79 






I n a f u r t h e r e x p e r i m e n t t h e adduct (148) was h y d r o l y s e d u s i n g 
h y d r o c h l o r i c a c i d i n acetone i n an a t t e m p t t o o b t a i n t h e h y d r o c h l o r i d e 
s a l t o f ( R S ) 5 - h y d r o x y - 5 H - i n d e n o I 1 . 2 - b ) p y r i d i n e - 5 - c a r b o x y l i c a c i d (111) 
(scheme 80). The i n f r a - r e d s p e c t r u m o f t h e p r o d u c t c o n t a i n e d C=N-"H 
s t r e t c h i n g a b s o r p t i o n s (2800-2000 crn'M and a broad c a r b o n y l s t r e t c h i n g 
a b s o r p t i o n a t 1635 cm"' i n d i c a t i n g t h a t i t was i n f a c t t h e h y d r o c h l o r i d e 
s a l t o f t h e a-hydroxy a c i d (150). Treatment o f t h i s m a t e r i a l w i t h 
sodium hydrogen c a r b o n a t e , I n an a t t e m p t t o o b t a i n t h e f r e e bas-e, 
p r o v i d e d o n l y d e c a r b o x y l a t e d m a t e r i a l , (RS)5-hydroxy-5H-indenot1,2-b] 
p y r i d i n e (120). The mass s p e c t r u m (appendix 1,8) e x h i b i t e d a m o l e c u l a r 
i o n a t m/2 183 c o r r e s p o n d i n g t o a m o l e c u l a r f o r m u l a e o f CiaHsNO. The 
p r o t o n nmr and i n f r a - r e d s p e c t r u m o f t h e ^ >roduct were i d e n t i c a l w i t h 
t h o s e o f an a u t h e n t i c sample o f t h e compound, p r e p a r e d by sodium 










I n v i e w o f t h i s f u r t h e r d e m o n s t r a t i o n o f t h e ease o f d e c a r b o x y l a t i o n o f 
an i n d e n o p y r i d i n e w i t h a c a r b o x y l g r o u p a t t h e methylene b r i d g e , no 
f u r t h e r work w i t h c y a n o t r i m e t h y l s i l a n e (TMSCB) was u n d e r t a k e n . 
An a l t e r n a t i v e , d i r e c t , c o n v e r s i o n o f a c a r b o n y l g r o u p t o an a-hydroxy 
c a r b o x y l i c a c i d f u n c t i o n has been d e s c r i b e d by S m i t h et al The 
r e a c t i o n i n v o l v e d t h e a d d i t i o n o f d i i s o p r o p y l c a r b a m o y l - l i t h i u m (151) t o 
c a r b o n y l groups and produced a-hydroxy carboxamides (scheme 8 1 ) . 
The r e a g e n t (151) was p r e p a r e d by d e - p r o t o n a t i o n o f N , N - d i i s o p r o p y l -
formamide u s i n g t - b u t y l l i t h i u m i n d i e t h y l e t h e r , t e t r a h y d r o f u r a n and 
pentane (4:4:1) a t -95'C ( e q u a t i o n 2 ) . 
Scheme 81 
(CH3).t:CLi + HC0N(CH(CH3)..). (CH3)3CH 
81 
The o r g a n o m e t a l l i c r e a g e n t (151) was prepared in situ a t -95'C i n a 
mixed s o l v e n t system; t h e c a r b o n y l compound was t h e n i n t r o d u c e d d i r e c t l y 
t o t h e r e a c t i o n m i x t u r e . Vhen t h i s procedure was a p p l i e d t o f l u o r e n e - 9 -
one (109) a good y i e l d ( 6 4 %) o f t h e c o r r e s p o n d i n g a-hydroxy c a r b o x a n i d e 




The a p p l i c a t i o n o f t h i s s y n t h e s i s t o i n d e n o p y r i d i n o n e s was not p o s s i b l e 
as t h e s t a r t i n g m a t e r i a l s f o r t h i s s y n t h e s i s became u n o b t a i n a b l e . 
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2.5-1 
The s y n t h e t i c r o u t e s t o a-hydroxy c a r b o x y l i c a c i d d e r i v a t i v e s o f 
i n d e n o p y r i d i n e s t h a t have been d e s c r i b e d I n t h e p r e c e e d i n g s e c t i o n s 
(2,2-3 t o 2.4-1) a l l u t i l i s e d S H - i n d e n o E 1 , 2 - b ] p y r i d i n e as a c o n v e n i e n t 
s t a r t i n g m a t e r i a l . U n t i l September 1983 t h i s m a t e r i a l was s u p p l i e d 
c o m m e r c i a l l y by t h e A l d r i c h Chemical Co. L t d . but a t t h i s p o i n t i t 
became u n a v a i l a b l e . A t h o r o u g h s e a r c h o f f i n e c h e m i c a l s u p p l i e r s u s i n g 
an i n t e r n a t i o n a l database was u n d e r t a k e n and s e v e r a l p o t e n t i a l , 
a l t e r n a t i v e s u p p l i e r s were i d e n t i f i e d . I n t h e e v e n t , however, none were 
a b l e t o s u p p l y t h i s compound. I t t h e r e f o r e became necessary t o 
i n v e s t i g a t e t h e s y n t h e s i s o f t h e m a t e r i a l . 
As n o t e d i n s e c t i o n (1,2-5) a l t h o u g h t h e l a s t s t e p i n s e v e r a l r o u t e s t o 
i n d e n o p y r i d i n e compounds which have been p u b l i s h e d r e c e n t l y a r e c l a i m e d 
t o proceed i n h i g h y i e l d (e.^-. Hlochowski et al ; I g e t a e t al and 
B e r g - N e i l s e n & S k a t t e r b o l * * ^ ) , t h e p r e p a r a t i o n o f t h e s t a r t i n g m a t e r i a l s 
and o f p r e c e d i n g i n t e r m e d i a t e s i s o f t e n t e d i o u s and i n e f f i c i e n t . One 
r e c e n t s y n t h e s i s which appeared more c o s t e f f e c t i v e t h a n o t h e r s was t h a t 
o f P a r c e l l & Hauck d e s c r i b e d i n s e c t i o n 1,2-3 (scheme 20, page 3 1 ) . 
I n t h e p r e s e n t i n v e s t i g a t i o n , however, a l t h o u g h t h e i n t e r m e d i a t e 
t e t r a h y d r o - i n d e n o p y r i d i n e (62) was o b t a i n e d i n adequate y i e l d (737*), i t 
c o u l d n o t be dehydrogenated s a t i s f a c t o r i l y t o y i e l d 5H-indeno[ 1,2-3 
p y r i d i n e ( 1 6 ) . I n view o f t h i s f a i l u r e a t t e m p t s were t h e n made t o 
d e v i s e an e f f i c i e n t s y n t h e s i s o f t h e h e t e r o c y c l e . 
Scheme 20 
+ BrCHiCHsNH-.HBr OnF 
refit 
(61) (62) 73% 
n I Irobeny lane. 
Pd/C cMj>t 
(16) 56% 
( 4 1 % o v e r a l l ) 
2,5-2 Ati£iaRt£il_Syflthesis_j?X_5a;JLBdfi^^^ 
One approach t o a novel s y n t h e s i s o f t h e i n d e n o p y r i d i n e s was based on a 
new s y n t h e s i s o f q u i n o l i n e s and f u s e d p y r i d i n e s by Meth-Cohn and 
Vestwood *^^ .^ T h i s i n v o l v e d t h e c o n v e r s i o n o f enamides i n t o 2 - p y r i d o n e s 
o r i n some cases 2 - c h l o r o p y r i d i n e s by V i l s m e l e r - H a a c k f o r m y l a t i o n u s i n g 
d i m e t h y l f o r m a m i d e and p h o s p h o r y l o x y c h l o r i d e (scheme 8 3 ) . The two 
l a t t e r m a t e r i a l s g e n e r a t e t h e V i l s m e i e r r e a g e n t which f o r m y l a t e s t h e 
enamides t o y i e l d , i n t h e case o f 1-acetamidocyclohexene, (1 5 3 ) , 
2 - c h l o r o - 5 , 6 , 7 , 8 - t e t r a h y d r o q u i n o l i n e ( 1 5 4 ) . 
F o r m a t i o n o f t h e V i e l s m e i r r e a g e n t 





I n o r d e r t ' o ^ l l i v e s t l g a t e t h i s p r o c e d u r e as a p o t e n t i a l r o u t e - t o 
i n d e n o p y r i d i n e s , a t t e m p t s were made t o p r e p a r e 1- and 2-acetamidoindene 
u s i n g t h e method o f B e n - I s h a i & Zehavi (scheme 84) i n v o l v i n g 







H A N C O C K , 
Seiners, - 4- -SulpVowL 0£jd 
(156) 
I t was t h e n hoped t o c y c l i s e t h e enamides as d e s c r i b e d by Meth-Cohn and 
Vestwood The mass s p e c t r a and e l e m e n t a l a n a l y s i s o f t h e p u t a t i v e 
enamides (155. 156) showed c l e a r l y , however, t h a t t h e y were n o t i n f a c t 
s i m p l e enamides b u t were d l - c o n d e n s a t i o n p r o d u c t s (157. 158). These 
m a t e r i a l s were a s s i g n e d t h e s t r u c t u r e s shown below based on t h e e v i d e n c e 
p r o v i d e d by t h e i r i n f r a - r e d s p e c t r a , which c o n t a i n e d a b s o r p t i o n s 
c o r r e s p o n d i n g t o v NH 3270(s)cm-^ and v C=0(amide) 1 6 5 0 ( s ) c i i r \ and 
t h e i r p r o t o n mar (Appendix I I . 12 & 13) and znass s p e c t r a ; M"", 287 29% 





C o n f i r m a t i o n o f the s t r u c t u r e o f (158) i n v o l v e d h y d r o l y s i s o f t h e 
enamide f u n c t i o n . Treatment o f 2 - a c e t a m i d o - 1 ( 2 ' - i n d e n y l ) i n d e n e w i t h 
h y d r o c h l o r i c a c i d i n t e t r a h y d r o f u r a n f o r 8 h r s a t 45*C gave t h e 
c o r r e s p o n d i n g ketone (159) as expected (scheme 8 5 ) . 
Scheme 85 
(158) (159) 
I n t h e absence of c a t a l y s t c o n d e n s a t i o n o f acetamide and 2-indanone gave 
2-acetamidoindene (156) i n low y i e l d 20%. 
I t i s known t h a t b o t h 1- and 2- indanone undergo s e l f - c o n d e n s a t i o n , 
c a t a l y s e d by a c i d o r base, ( K i p p i n g V l U i a m s Metz and 
T r e i b s & S c h r o t h ' i * ^ ) . The a c e t a m i d o - l n d e n y l i n d e n e s m i g h t , t h e r e f o r e , 
be formed by a c i d c a t a l y s e d s e l f - c o n d e n s a t i o n o f t h e indanone f o l l o w e d 
by enamide f o r m a t i o n as i l l u s t r a t e d f o r t h e 2- compound i n scheme 86. 
Scheme 86 





= 0 i-M^ NCOCHj o NHCOCIi 
(159) (158) 
A l t e r n a t i v e l y , enamlde f o r m a t i o n might be t h e f i r s t s t e p i n t h e 
r e a c t i o n , i n which case t h e enamide would, presumably, a c t as a 
C - n u c l e o p h i l e t o w a r d s u n r e a c t e d ketone (scheme 8 7 ) . 
Scheme 87 
= 0 + NHiCOCHj 1> ''''^  
// NHCOCH, 
MHCOCH, 




s t r o n g s u p p o r t f o r t h i s second r o u t e i s p r o v i d e d by t h e f a c t t h a t 
h e a t i n g 2-acetaraidoindene (156) w i t h 2-indanone i n r e f l u x i n g t o l u e n e 
c o n t a i n i n g t o l u e n e - 4 ~ s u l p h o n i c a c i d gave the d i - c o n d e n s a t i o n p r o d u c t 




NHCOCHi = 0 
NHCOCH, 
(158) 
D e s p i t e t h i s , however, t h e r e appears t o be a t l e a s t one s e r i o u s 
o b j e c t i o n t o t h e p o s t u l a t e d pathway. Enaraides would be e x p e c t e d t o be 
much weaker C - n u c l e o p h i l e s than enaraines ''^ due t o t h e presence o f t h e 
c a r b o n y l g r o u p a d j a c e n t t o the N-atom and i n f a c t Lenz s t a t e s t h a t 
enamides a r e a t t a c k e d o n l y by p o w e r f u l e l e c t r o p h i l e s . 
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The i.Tck of i nf orma i: c?. in the l i t e r a t u r e i n d i c a t e s t h a t enaraines do not 
r e a d r e a d i l y w i t h cjirbonyl coiapounds; ena.-oides would t h e r e i o r e be 
expected t o react ever, less r e a d i l y . B i r k o i e r et aJ have found, 
however. that enaninos w i l l react w i t h aldehydes t o give a l k y l i d e n e or 
arylidene ketones doO), scheme 39. together with some (1-16%) of the 








Furthermore B i r k o f e r ar^d co-workers found t h a t a - a l k y l i d e n e ketones 
reacted w i t h N - - c > c 1 o h e x e n y l ) r a o r p h o l i n e or H - - c y c l o p e n t y l ) -
raorpholine to give 1.1-di-substituted alkanes (examples A.B.C.D & E) as 
shown i n (Table X I U . Arylidcne d e r i v a t i v e s of cyclopentanone, but not 
of cyclohexanone. gsv.;: di-condensation products (examples F -i: 0 ) , 
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Table X I I 





0 CH3 0 
C Ct,H5-C-CH = CH-Cbh5 + 
0 
0 CtHj 6 
0 HRi 0 dH5 
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In the case of the l a s t two r e a c t i o n s (F,G) B i r k o f e r e t al ''^ c l a i m 
t h a t enaaine exchange occurred as shorni I n scheme 90, the unsaturated 
enamlne which r e s u l t s I s then claimed t o act as a C-nucleophlle towards 
cyclopentanone. The re a c t i o n s are thus analogous t o those postulated 
f o r the formation of the enamides (scheme 87). Unfortunately, i n no 
case i s i t cle a r as t o what f a c t o r s determine the course of the 
re a c t i o n . I t I s evident, t h e r e f o r e , t h a t the di-condensations warrant 




2,5-3 SYBtheslS InVQlvlnff Photcjchemical Blng Contrac t lnTi 
of a Benzoqutnollne 
A f u r t h e r s y n t h e t i c route t o the Indenopyridine r i n g system which was 
In v e s t i g a t e d , and would be of a novel nature, i s based on the V o l f f 
rearrangement i ^ ^ ^ ^ . t ^ <an example of a type 3 s y n t h e s i s ) . The 
rearrangement i s thought t o proceed v i a a carbene as shown i n scheme 
(91> and has f r e q u e n t l y been used t o e f f e c t r i n g c o n t r a c t i o n . The 
intermediate product of ..the. rearrangement .is_a.ketene which_reacts_in _ 
the presence of n u c l e o p h i l i c reagents, e.g. water, t o y i e l d c a r b o x y l i c 
acids. For example Cava e t aJ have described the synthesis of 
benzocyclobutane-l-carboxylic a c i d (163, scheme 91) by rearrangement of 
2-dlazo-l-indanone <162). S i m i l a r l y Bloomquist & Schlaefer ^ have 












The p o t e n t i a l of t h i s route as i l l u s t r a t e d by the two r e p o r t s above i s 
r e i n f o r c e d by the work of Siis et al ' ' w h o prepared f l u o r e n - 9 -
c a r b o x l y l i c a c i d (124> i n 90-887, y i e l d by the p h o t o l y s i s of the 




In the present i n v e s t i g a t i o n benz(h)quinoline-5,6-dione (68) was 
converted t o i t s dlazoketone (165) i n reasonable y i e l d (80%) by 
treatment w i t h toluene-4-sulphonylhydrazine i n ethanol using the method 
described by Cava et al ''^ f o r the preparation of phenanthraquinone-9, 
10-dlazoketone (164). The intermediate monotosylhydrazone was not 
i s o l a t e d as i t decomposed in situ to the diazoketone which p r e c i p i t a t e d 
from s o l u t i o n and was c o l l e c t e d by f i l t r a t i o n . Since previous r e s u l t s 
had shown t h a t (RS)5-hydroxy-5H-indeno[ 1,2-b)pyridine-5-carboxylic a c i d 
(111) i s e a s i l y decarboxylated the diazoketone (165) was photolysed i n 
the presence of methanol i n an attempt t o prepare the methyl ester of 
the a c i d (111). I r r a d i a t i o n of a d i l u t e s o l u t i o n of the diazoketone 
(7.ISpmol cm"^) i n t e t r a h y d r o f u r a n and methanol at 4'C f o r 35mlns gave 
two products as evidenced by t h i n l a y e r chromatography. P u r i f i c a t i o n of 
the r e a c t i o n mixture by f l a s h chromatography gave a f t e r removal of 
solvents a s o l i d m a t e r i a l instead of the expected o i l [ Hethyl (RS)5H-
indenoC1,2-b]pyridine-5-carboxylate (13c) having been prepared 
p r e v i o u s l y as an o i l , b.p. 169-175'C; page 71). Following f u l l 
c h a r a c t e r i s a t i o n of t h i s m a t e r i a l i t was assigned the s t r u c t u r e of the 
dimer 5, 5'-bi(methyl 5H-indeno[ 1,2-b]pyridine-5-carboxylate) (166 scheme 
93). The formation of t h i s m a t e r i a l , which was the major product of the 
r e a c t i o n , can be r a t i o n a l i s e d i f i t i s assumed t h a t methyl (RS)5H-indeno 
[ 1,2-b]pyridine-5-carboxylate I s p h o t o l a b i l e . The dlraer could then 
a r i s e by homolytic cleavage of the C5-H bond f o l l o w e d by recombination 





In an attempt t o avoid formation of the dimer two f u r t h e r experiments 
were c a r r i e d out. F i r s t l y , the p h o t o l y t i c rearrangement was repeated, 
but i n an i n e r t solvent; the r e a c t i o n mixture, which was assumed t o 
contain the ketene was then t r e a t e d w i t h methanol. Secondly, an attempt 
was made t o produce the ketene by thermal decomposition of the 
diazoketone; again the p u t a t i v e ketene was t r e a t e d w i t h methanol. In 
both cases the r e a c t i o n s gave complex mixtures from which n e i t h e r the 
dimer nor the required methyl ester (138) could be i s o l a t e d . 
(138) 
C l e a r l y f u r t h e r experimental work would be necessary t o e s t a b l i s h the 
route by which the bis compound was formed i n the i n i t i a l experiment. 
Unfortunately c o n t r a i n t s of time prevented f u r t h e r study of the 
r e a c t i o n . 
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2.6 KiscfillanexjiJSJSyiLtheses, 
Duri:.::. the period of t h i s research p r o j e c t , several s y n t h e t i c routes 
were examined which were p e r i p h e r a l t o the main d i r e c t i o n of the 
proi-i:;.. In the course of these i n v e s t i g a t i o n s several compounds we 
pre:: J red and have been submitted f o r b i o l o g i c a l screening. 
re 
5H-i r.ienot l,2-bJpyridin-5-one (19) was prepared by o x i d a t i o n of 5H-
inde:.zi l , 2 - b ] p y r i d i n e (16) w i t h sodium dichroraate i n g l a c i a l a c e t i c a c i d 




The oxides of both indenopyrldines <16 and 19) were obtained i n y i e l d s 
of o j ' . and 82% r e s p e c t i v e l y using the method of Corey et al ' The 
lower y i e l d obtained from 5H-indenot1,2-b]pyridine (16) i s due t o 
oxid.2-:;on of the methylene group under the r e a c t i o n c o n d i t i o n s g i v i n g a 
mixture of products (167 and 168; scheme 95). P u r i f i c a t i o n of the 
S-oxlie of 5H-indeno( 1,2-b]pyridine <167> was achieved by 
r e c r y = t a l l i s a t i o n from e t h y l acetate. 
Sc:.e.-3e 95 
(16) (167) (168) 
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<RS)5-hydroxy-5H-indeno[ 1,2-b) p y r i d i n e C120) was obtained i n 767. y i e l d 
by reduction of the oxo compound (19) wi t h sodium borohydride. The 
hydroxy compound (120) was converted t o <RS)5-hydroxy-l-raethyl-5H-






Using the same procedure, methyl (RS)5-hydroxy-5H-indeno[ 1,2-b]pyrldin-
5-carboxylate (141) was converted t o i t s N-methyl d e r i v a t i v e (170> i n 





F i n a l l y , because H a r t n e l l '^ had pr e v i o u s l y shown t h a t 9,9'-5is 
hydroxymethylfluorene possessed weak h e r b i c i d a l a c t i v i t y , the analogous 
d i - s u b s t i t u t e d indenopyridine was prepared using the method of 
Springzak (scheme 98). The method i n v o l v e d t r e a t i n g 5H-indeno 
I 1,2-b]pyridine (16) w i t h paraformaldehyde i n the presence of T r i t o n B 
and dimethylsulphoxide; the dihydroxy compound (171) was obtained i n 627* 





The r e s u l t s from the b i o l o g i c a l screens on the compounds described i n 
t h i s s e c t i o n are reported i n appendix I I I (page 221). 
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2,6-2 Summary of Mass spectra (appendix I ) 
During the course of the p r o j e c t the mass spectra of most of the 
compounds were recorded. The fragmentation routes of most of the 
indenopyridine compounds f o l l o w i n g e l e c t r o n impact i o n i s a t i o n ' ^ ' were 
s i m i l a r . 
1. The parent indenopyridines, 5H-indeno[1,2-b]pyridine (16) and 9H-
indenoC 2, l - b ] _ p ) : r i d i n e (13) both e l i m i n a t e HCN as a neut r a l - s p e c i e s - t o -
give a (6,5,4) t r i c y c l i c fragment (appendix 1,1 & 2) . In the case of 
the oxo compounds; 5H-indeno[1,2-b]pyridin-5-one (19) and 9H-indeno 
C2,1-b]pyridln-9-one (23), the fragmentation proceeds by loss of CO 
followed by loss of HCH to give a [6,4,41 t r i c y l c l i c fragment i n both 
cases (appendix 1,3 & 4; page 156, 157). 
2. The fragmentation patterns of the monosubstituted Indenopyridines; 
appendix I ; 8,9,10,11,12,13; are determined l a r g e l y by the nature of the 
s u b s t i t u t u e n t . 
2-1. (RS)5-hydroxy-5H-indeno[ 1,2-b]pyridine (120, appendix 1,8; page 
163); l o s t H- t o give the planar hydroxy and oxo species, loss of CO or 
HCO gives the [6.4,61 fragment followed by loss of HCK t o give the 
[6,4,4J. 
2-2. (RS)5H-lndeno[l,2-b]pyridin-5-dimethylcarboxamlde (135, appendix 
1,9; page 164) cleavage occurrs by e i t h e r loss of C0N(CH3)2 to y i e l d the 
parent heterocycle or loss of the r a d i c a l heterocycle t o leave the 
charge on the amide moeity at m/z 72(100Z), of the two routes the l a t t e r 
i s favoured. 
2-3. (RS)5H-lndeno[l,2-b]pyridln-5-carbaldehyde (139, appendix 1,11; 
page 166); r e a d i l y l o s t CO t o y i e l d the heterocyle at m/z 167(100%). 
In c o n t r a s t i t s oxime (140, appendix 1,12; page 167) e l i m i n a t e s water i n 
the mass spectrometer t o y i e l d the c a r b o n i t r i l e a t m/z 192(29%) then 
loss of ON gives the heterocycle a t m/z 166(100%). 
2-4 The fragmentation p a t t e r n observed from the product obtained from 
the dehydration of the oxime (140) w i t h t h i o n y l c h l o r i d e was c o n s i s t e n t 
w i t h t h a t expected f o r the c a r b o n i t r i l e , (RS)5H-indeno[1,2-b]pyridine-5-
c a r b o n i t r l l e (appendix 1,13; page 168). 
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2- 5. The ester, methyl (RS)5H-indeno[ 1.2-b]pyridln-5-carboxyiate (138. 
appendix 1,10; page 165); gives the parent heterocycle at m/z 166(1007*) 
vi a l o ss of CO and OCH^ . 
3. The fragmentation routes observed w i t h the d i - s u b s t i t u t e d 
indenopyridlnes are d e t a i l e d i n appendix 1.14.15,18.20 and 28. 
3- 1. The a-hydroxy ester, methyl (RS)5-hydroxy-5H-indenoC1,2-b]pyridin-
57carboxylate (141, appendix 1,14; ,page 169) losses CO and OCHs.to.give 
the 5-hydroxy compound at m/z 182(1007*); loss of HCO then gives the 
[6,4,61 heterocycle which e l i m i n a t e s HCN t o give the (6,4,4] t r i c y c l e 
w i t h m/z 126. 
3-2. In the case of the amide (RS)5-hydroxy-5H-indeno[ 1,2-b]pyridin-5-
carboxamide (142, appendix 1,15; page 170) e x h i b i t s an analogous 
fragmentation p a t t e r n t o t h a t of the ester (141). 
3-3. I n c o n t r a s t , (RS)5H-indenoC1,2-blpyrldin-5-diisopropylcarboxamide 
(appendix 1,20; page 177); d i f f e r s i n t h a t the i n i t i a l cleavage can 
occurr i n two ways; (a) the d i i s o p r o p y l amide species r e t a i n s the charge 
(m/z 128(100%)), (b) the 5-hydroxy-5H-indenoC1,2-b3pyridine moeity 
r e t a i n s the charge (m/z 182(63%)). 
3-4. 5,5'-Ws^hydroxymethyl-5H-indeno[ 1, 2-b] p y r i d i n e (171, appendix 
1,28; page 185); the spectrum of t h i s compound shows t h a t CHs:OH and 
then OH are r e a d i l y l o s t t o give the methylene s u b s t i t u t e d moeity a t m/z 
179(100%). 
4. P y r i d y l s u b s t i t u t e d d e r i v a t i v e s ; (RS)5-cyano-5-hydroxy-5H-indeno 
[ 1,2-blpyridinium toluene-4-sulphonate (148, appendix 1,18; page 173) 
and (RS)l-methyl-5-hydroxy-5H-indeno[1,2-blpyridinium iodide (169, 
appendix 1,27; page 184) e x h i b i t e d the expected fragmentation p a t t e r n s . 
In the case of the former loss of the toluene-4-sulphonate group y i e l d s 
the a - h y d r o x y c a r b o n i t r i l e at ra/z 208(86%), from which loss of HCW gives 
the heterocycle at m/z 181(100%). I n the case of the methiodide 
(appendix 1,27) the 1-methyl group i s r e t a i n e d through the loss of 2H. 
CO i s then l o s t t o give the [6,4,61 moiety at m/z 168(24%). Loss of HCN 
gives the most abundant species [6,4,5] at m/z 142(100%). 
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5. 5,5'-bl(methyl 5H-indenoC1,2-blpyridine-5~carboxylate) appendix 
1,26; page 183). The spectrum of t h i s compound contained only a weak 
molecular ion at ra/z 448 which underwent a f a c i l e cleavage at the 5-
p o s i t i o n t o give the ester at m/z 224(81%). The ester then l o s t CO to 
y i e l d the most abundant species a t ra/z 196(100%). 
6. Spectra of a number of fluorene compounds are given i n appendix I , 
16,17,19; page 171-176. In each case the fragmentation patterns were 
s i m i l a r t o those observed f o r the comparable indenopyridine compounds. 
7. The mass spectra of the indenyi enamides; appendix 1,21,22,23.24 ; 
page 178-181, i n d i c a t e d the presence of the expected fragments. The 
enaraide group l o s t CH-^ CO i n i t i a l l y , subsequently r i n g cleavage occurred 
or loss of NH. 
8. The mass spectra of the benzoquinoline dlones are recorded i n 
appendix 1,5,6,7; page 158-161. The mass.spectra of these diones has 
been discussed e a r l i e r i n s e c t i o n 2,1-1 In r e l a t i o n to the presence of 
M+2 species. The fragmentation of both the diones i s s i m i l a r v i z . , the 
diones rearrange and e l i m i n a t e CO under the c o n d i t i o n s e x i s t i n g i n the 
mass spectrometer to y i e l d the indenopyridinones (19 & 23) as the most 
abundant ions at m/z 181(100%). Thereafter the fragmentation f o l l o w s as 
f o r u n s u b s t i t u t e d indenopyridine compounds (appendix 1,1..4; page 155-
157). Benz(h)quinoline diazoketone (appendix 1,25; page 182). The 
compound l o s t and underwent a V o l f f rearrangement i n the mass 
spectrometer t o give the ketene w i t h m/z 193(32%). Subsequent loss of 
CO gave 5H-indenol1,2-b]pyridine w i t h m/z 165 as the most abundant ion. 
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2,6-3 Sunnnary of proton nnrr spectra (appendix IT) 
Proton nmr spectra are reported i n tabular form i n appendix I I The 
spectra obtained from the indenopyridine compounds prepared d u r i n g t h i s 
p r o j e c t a l l show comparable chemical s h i f t s ( ( y ) , p a r t i c u l a r l y f o r the 
protons i n the p y r i d y l r i n g . The assignments that have been made are 
consistent w i t h the values, reported by Formichov f o r the 
heterocycles recorded, i n table-.I L,_Cpage 15, s e c t i o n _ l , 1-7). The 
presence of s u b s t i t u e n t s at the methylene p o s i t i o n has l i t t l e e f f e c t on 
the chemical s h i f t of the proton adjacent to the p y r i d y l n i t r o g e n (H-2) 
but can cause downfield s h i f t s i n the phenyl protons (H-6,7,8,9) and the 
protons (H-3,4) i n the p y r i d y l r i n g . 
In the case of (RS)5H-indeno[l,2-b]pyridine-5-carbaldehyde (139, 
appendix 11,5; page 190), the proton n.m.r. spectra i n d i c a t e d t h a t 
tautomers were present. The carbaldehyde (139), e x h i b i t s keto-enol 
tautomerlsm, the 5-proton i n d i c a t i n g a r a t i o of tautomers of 1:1, 
(5=11.6, enol proton and 5=8.4, 5-H proton). 
A d d i t i o n a l l y , i n the case of t h i s compound and i n the cases of the oxime 
(appendix 11,6; page 191) and the c a r b o n i t r i l e (appendix 11,7; page 192) 
, the proton (H-5) adjacent t o the s u b s t i t u e n t group i s s t r o n g l y 
deshielded ((5=11.6. 10.9 & 15.7 ppm r e s p e c t i v e l y ) . 
The proton nmr spectra of the diones, benz(f)quinollne-9,10-dione (67, 
appendix 11,1; page 186) and benz(h)quinoline-5,6-dione <68, appendix 
11,2; page 187) are c o n s i s t e n t w i t h the s t r u c t u r e s . 
The proton nmr spectra of the indenyl enamldes (156, appendix 11,11; 
157, appendix 11,12; 158, appendix 11,13; pages 196-198) have 
assignments based on chemical s h i f t and the observed couplings and are 
i n agreement w i t h published data f o r analogous compounds. 
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2,6-4 Summary of B i o l o g i c a l Screening Data (appendix I I I ) 
During the course of the p r o j e c t ten compounds were submitted t o 
Sobering AG, formerly FBC Ltd, at Chesterford Park Research S t a t i o n f o r 
i n v e s t i g a t i o n of t h e i r b i o l o g i c a l p r o p e r t i e s . The data obtained from 
the b i o l o g i c a l screens ( f u n g i c i d a l , h e r b i c i d a l , plant growth r e g u l a t i n g 
and animal health and i n s e c t i c i d a l ) are reported i n appendix I I I , page 
221. The most i n t e r e s t i n g r e s u l t was obtained_from_the f u n g i c i d a l 
screen of benz(h)quinoline-5,6-dione (68); t h i s compound showed good 
broad-spectrum f o l i a r f u n g i c i d a l a c t i v i t y . In the h e r b i c i d a l and p l a n t 
growth r e g u l a t o r screens none of the compounds tested had any 
s i g n i f i c a n t a c t i v i t y . The i n s e c t i c i d a l screens showed t h a t several 
compounds possessed low l e v e l s of a c t i v i t y which were i n s u f f i c i e n t t o 
j u s t i f y f u r t h e r t e s t i n g . One compound, 5H-indeno(1,2-b]pyridin-5-one 
(19) gave c o n t r o l of c a t t l e t i c k larvae by causing p a r a l y s i s . 
The procedures used at Chesterford Park f o r the b i o l o g i c a l screens are 
reported i n appendix I I I ( f u n g i c i d a l , page 202; h e r b i c i d a l , page 206; 




3.1 Experimental Sectlgn 
Chemicals were used as received from commercial sources unless otherwise 
i n d i c a t e d . Any reagents or so l v e n t s which were r e q u i r e d anhydrous were 
..prepared using the nfithods described by P e r r i n Solvents were 
evaporated under reduced pressure using a 'Buchi' r o t a r y evaporator. 
The p u r i t y of products and most intermediates was checked by t h i n l a y e r 
chromatography <T.L,C.) using the ascending technique, u s u a l l y on 0.25mm 
layer s of s i l i c a g el (K i e s e l g e l 60G or GF254) on 10 x 20 cm glass 
p l a t e s . The solvents used t o develop the chromatograras are l i s t e d i n 
Appendix IV. Melting p o i n t s were determined i n c a p i l l a r y tubes using 
an 'Electro-thermal' apparatus; the quoted values are uncorrected. 
I n f r a - r e d spectra were recorded using a g r a t i n g spectrophotometer 
(Perkin Elmer model 298 or 357) u s u a l l y from a potassium bromide di s c , 
unless s p e c i f i e d otherwise. U l t r a v i o l e t - v i s i b l e spectra were recorded 
on a Pye Unicam spectrophotometer ( model SP 1800 ) from the s p e c i f i e d 
solvent. 
The mass spectra were recorded by Sobering AG at Chesterford Park using 
e i t h e r a Finnlgan-MAT ( model MAT-44; quadrupole ) or a VG A n a l y t i c a l 
( model 7070E ) mass spectrometer. The mass data and fragmentation 
routes are d e t a i l e d I n appendix I . 
Proton nmr were a l s o recorded by Scherlng AG using a 300MHz Bruker 
spectrometer. The proton spectra are reported i n t a b u l a r form i n 
appendix I I . 
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3,1-1 Benzil-benzlllc acid, rearraaseaeat. 
B e n 2 ( f ) q u i n o l i n e - 9 . l O - d i o n e (67) 
To a s o l u t i o n of b e n z ( f ) q u l n o l i n e (19g, 106mmol) i n g l a c i a l a c e t i c a c i d 
(400 cm^), iodine pentoxide (36.7g, 109ramol) was added and then the 
s o l u t i o n was r e f l u x e d f o r 6 hours. The excess iodine and a c e t i c a c i d 
were removed t o y i e l d the crude dione (14.9g). This m a t e r i a l was d r i e d 
a t 50*C f o r 48 hours, then e x t r a c t e d i n t o chloroform (35pcm==) using a 
Soxhlet continuous e x t r a c t o r . The chloroform s o l u t i o n was then washed 
w i t h a s o l u t i o n of sodium t h i o s u l p h a t e (5% w/v, 50cm=') and w i t h water 
(2xl00cm='). The water washes were then back e x t r a c t e d w i t h c h l o r o f o r m 
(50 cm^), the c h l o r o f o r m s o l u t i o n s were combined and then d r i e d over 
calcium c h l o r i d e . A f t e r removal of the excess solvent a s l u r r y was 
obtained from which the dione was c o l l e c t e d by f i l t r a t i o n , t h i s m a t e r i a l 
was r e c r y s t a l l i s e d from cyclohexanone/hexane t o y i e l d (10.8g) mp 267-
70-C(d) l i t . , 270-l'C(d); Vi^ 209 (21%), appendix 1,5; v^^^ C=0 
1685,1670 cm-'(s); proton nmr (appendix 11,1). The m a t e r i a l was 
homogeneous ( RflA 0.16, RflC 0.29 ). 
Benz(h)quinoline-5.6-dlone (68) 
Benz(h)quinoline (13.4g, 75mmol) was d i s s o l v e d i n g l a c i a l a c e t i c a c i d 
(300 cm^*), then i o d i n e pentoxide (26.2g) was added and the s o l u t i o n 
heated under r e f l u x f o r 2 hours. The crude dione (12.4g), was obtained 
as described above, then d r i e d at 50'C f o r 16 hours. The dry m a t e r i a l 
was then e x t r a c t e d i n t o chloroform s o l u t i o n (280cm=^) using a Soxhlet 
e x t r a c t o r . The c h l o r o f o r m s o l u t i o n was then washed w i t h sodium 
t h i o s u l p h a t e (10% w/v, 100 cm=») and w i t h water (2x50 cnP); the aqueous 
washes were back e x t r a c t e d w i t h c h l o r o f o r m (50 cm=^). The chloroform 
e x t r a c t s were combined and d r i e d (sodium sulphate) and gave dione (68; 
8.2g) a f t e r removal of solvent. R e c r y s t a l l l s a t l o n from ethanol gave 
b r i g h t yellow m a t e r i a l mp 216-7' ( l i t . , 214-5-); 209 ( 8 % ) . 




General prpcedure f o r the preparaflon of 9. IQ-dtoxobenz ( f )'qiri n Q l l n i u m 
c h l o r i d e and 5.6-dlQXQbenz(b)qn1 nnl inium c h l o r i d e 
The dione (3g, 14.4 HUDOD was diss o l v e d i n r e f l u x i n g chloroform (80cm^) 
and t h i s s o l u t i o n was heated w i t h d e c o l o u r i s i n g charcoal ( I g ) , then 
cooled and f i l t e r e d . The chloroforni s o l u t i o n which r e s u l t e d was s t i r r e d 
I n an ice bath and hydrogen c h l o r i d e was bubbled i n t o i t at a steady 
r a t e , f o r 20 minutes. The s a l t separated from the r e a c t i o n mixture and 
-was c o l l e c t e d by. f i l t r a t i o n . .The.crude product was washed at the pump 
w i t h d i e t h y l - e t h e r then d r i e d i n vacuo. R e c r y s t a l l i s a t i o n of the s a l t 
from methylcyanide gave the fre e bases. Benz(f)quinoline-9,10-dione(67) 
had m. p.= 266-9*C; Rf 1A=0. 16; I n f r a - r e d Vr.^^ C=0 1685 ( s ) . 1670 <s)cm-^ 
Ben2(h)quinoline-5,6-dlone (68) had m.p.= 215-7'C; RflA=0.26; i n f r a - r e d 
Vn,^ >c C=0 1690(s). 1675(s) cm-^ 
The I.R. spectra of the crude hydrochlorides demonstrate a marked s h i f t 
i n the carbonyl s t r e t c h i n g frequencies (Vr„»,< C=0). 
9,10-dioxobenz(f)quinolinium c h l o r i d e , 1728(s),1690(s) cm", 
5,6-dioxoben2(h)qulnolinium c h l o r i d e , 1730(s),1700(s) cm"^ . 
Attempted N-oxidation of Benz(h)quinQline-5.a-dlone (68) 
I' 
Benz(h)quinoline-5,6-dione (2.09g, lOmmol) was dissolved i n g l a c i a l 
a c e t i c a c i d (25 cm^*), by warming the solvent t o 50-60'C. Hydrogen 
peroxide (1.8 cnP, 30%) and a c e t i c anhydride (2 cm=^ > were added and the 
mixture heated at 75*C f o r 16 hours. The r e a c t i o n mixture was then 
worked up f o l l o w i n g the procedure of Corey et al The o i l y product 
which was obtained (0.54g) was examined by t h i n l a y e r chromatography; 
RflA and found t o co n t a i n f i v e s o l u t e s . RflA = 0.00, 0.04, 0.08, 0.16 
and 0.20. The i n f r a - r e d spectrum of t h i s crude m a t e r i a l d i d not 
e x h i b i t an absorption i n the range 1300-1250 cm*"* corresponding t o an 
N-oxide. No f u r t h e r p u r i f i c a t i o n was attempted. 
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Atfempte'd-pfeparatlQn of the H-methtodide of benz ( h ) q u l n Q l i nP-5. 6-diQne 
(68) 
The procedure of Prostakov was used i n an attempt t o prepare the N-
methiodlde. The heating period was extended t o 26 hours, but no 
r e a c t i o n was observed as monitored by T.L.C. A f t e r 26 hours the 
re a c t i o n mixture was worked up as described by Prostakov, t o give 70% of 
unchanged s t a r t i n g m a t e r i a l . 
Attempted preparation of (RS)9-hydroxy-9H-indeno[2.1-b]pyrldine-9-
c a r b o x y l i c a c i d (110) 
CD Benz(f)quinoLin-9,10-dione (67, l.Og, 4.8 mmol) was dissolved i n 
sodium hydroxide s o l u t i o n (10% w/v, 25cnP> and a f t e r being degassed w i t h 
n i t r o g e n the s o l u t i o n was heated t o 60'C. A f t e r 30 mins, t a r r y m a t e r i a l 
had formed which was removed by f i l t r a t i o n . This mat e r i a l was e x t r a c t e d 
w i t h b o i l i n g hexane; subsequent evaporation of the solvent y i e l d e d a 
yellow c r y s t a l l i n e m a t e r i a l which was i d e n t i f i e d as 9H-indeno[2.l-b) 
pyridine-9-one (23). m. p. 124-6*C; i n f r a - r e d v C=0 1725 (s) cm-^ The 
f i l t r a t e remaining a f t e r the removal of the t a r from the r e a c t i o n was 
not i n v e s t i g a t e d f u r t h e r . 
(2) Benz(f>quinolin-9,10-dione (67; 10.45g, 50 mmol) was added t o a 
s t i r r e d s o l u t i o n of sodium hydroxide (10% w/v, 400cm=^) maintained at 80-
85 X. A f t e r 30 minutes the r e a c t i o n mixture was cooled i n an Ice-bath, 
and then e x t r a c t e d w i t h dichloromethane (3x250 cm^). Removal of the 
solvent from the e x t r a c t gave a crude s o l i d which was i d e n t i f i e d as 
9H-indeno[2,l-b]pyridine-9-one (23; 1.56g, 17%) which had m.p. 125-7-C 
(undepressed on admixture w i t h an a u t h e n t i c sample). The pH of the 
aqueous phase was adjusted t o <1 using h y d r o c h l o r i c a c i d (2M) and then 
t r e a t e d w i t h c o p p e r ( I I ) a c e t a t e (2g) using the procedure of Oda 
L y o p b i l i s a t i o n of the aqueous phase gave 58g of s o l i d . A p o r t i o n of 
t h i s m a t e r i a l (lOg) was di s s o l v e d i n water (50 cm^ '^ . The pH of the 
s o l u t i o n was adjus t e d t o 6.95 w i t h sodium hydrogen carbonate s o l u t i o n 
(10% w/v) and i t was then e x t r a c t e d w i t h dichloromethane (2x50 cm=*). 
106-
Removal~6f solvent gave a c'rude'waxy s o l i d , which, a f t e r r e c r y s t a l l l s a -
t i o n from aqueous ethanol gave a white s o l i d . m. p. 97-99* ( l i t . , ^ * ^ 98-
100"C; i n f r a - r e d spectra 3200cra'' ( h y d r o x y l ) . The m.p. was undepressed 
on admixture w i t h an au t h e n t i c specimen of (RS)9-hydroxy-9H-indeno[2,1-
b ) p y r i d i n e prepared using the method of Prostakov et al 
Attempted p r e p a r a t i o n of(RS>5-hydrQxy-5H-indeno[1.2-b]pyridine-5-
carbPxylic a c i d <111> 
(1) Benz(h)qulnoline-5,6-dione (68, 1.2g, 5.7 m.mol) was dissolved i n a 
s o l u t i o n of potassium hydroxide (10% w/v, 60cm=') pr e v i o u s l y degassed 
w i t h n i t r o g e n and heated t o 65*C. The s o l u t i o n was then maintained a t 
65'C and s t i r r e d under n i t r o g e n f o r 20 min. The r e a c t i o n mixture was 
then cooled t o 0-5'C using an ice bath. The pH was adjusted t o 3.2 and 
the s o l u t i o n was then e x t r a c t e d w i t h chloroform (50cm=^). The e x t r a c t 
was examined by t h i n l a y e r chromatography and found t o contain a t l e a s t 
four solutes. (RflA 0.32, 0.17, 0.06 and o r i g i n ) which were not 
i n v e s t i g a t e d f u r t h e r . The aqueous phase was a c i d i f i e d <pH <1) and then 
l y o p h l l l s e d and the residue was e x t r a c t e d w i t h ethanol. This e x t r a c t 
was examined by t h i n l a y e r chromatography; the s o l u t e bands were removed 
using a spatula, e x t r a c t e d i n t o methanol and t h e i r uv spectra were 
recorded (Table X I I I ) . The main s o l u t e band (RflA 0.42) corresponded t o 
the dlone (68) as determined by examination of the uv spectra. 
Table X I I I 
Solute band UV spectra (X max) /nm 
(RflA) 
0.42 250-260, 290 
0.09 250 
o r i g i n 240. 250, 280, 290 
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<2) ~Een^<h')quinolin-5,'6-dione" (68; 10. 43g, 50 mmol) was-treated w i t h " ^ 
sodium hydroxide s o l u t i o n as described above f o r benz(f>quinoline-9,10-
dione (67). 
The dichloromethane e x t r a c t of the r e a c t i o n mixture y i e l d e d 5H indeno 
[ l , 2 - b ] p y r i d i n - 5 - o n e (19; 0.35g, 4%) which had m.p. 140-2'(undepressed 
an admixture w i t h an a u t h e n t i c sample); i n f r a - r e d Vn,i,^ ;C=0 1712(s) cm"'-
The aqueous phase was t r e a t e d as described above; the pH was adjusted t o 
8.3 and the s o l u t i o n was then e x t r a c t e d w i t h dichloromethane. Removal 
of the solvent gave c r y s t a l s of crude (RS)5-hydroxy-5H-indgno[ 1.2-b] 
p y r i d i n e (120). R e c r y s t a l l i s a t i o n from dimethylforraamide gave white 
c r y s t a l l i n e m a t e r i a l , which had m.p. 150-2'C. Found: C, 78.9; H» 4.95; 
N, 7.45%; CsHc^NO r e q u i r e s : C, 78.7; H, 4.95; N, 7.65%; M"-, 183(100%) 
appendix 1,8; i n f r a - r e d Vn.oj< 3320 (m) cni~^ ; proton nmr appendix 11,3. 
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3.2-1 Preparation of Carboxyllc Acid D e r i v a t i v e s of f l u n r p n p 
General procedure f o r the prep a r a t i o n of carbanions. 
Notes; 
a) Glassware was d r i e d overnight a t 105*C. then t r a n s f e r r e d t o a 
dessicator c o n t a i n i n g s i l i c a g e l . 
.b) The. glassware was assembled warm while being purged w i t h nitrogen. 
c) A l l r e a c t i o n s were s t i r r e d under a n i t r o g e n atmosphere, venting the 
excess gasses through a s i l i c o n e o i l bubbler. 
d) n-butyl l i t h i u m i n hexane s o l u t i o n (1.6M) was used as supplied 
commercially; t h i s s o l u t i o n was assayed p r i o r t o use, and was 
t r a n s f e r r e d using e i t h e r a syringe or a double ended needle. 
e) Commercial grade sodium hydride (80% i n o i l ) was used as supplied. 
Method 1. 
The s t a r t i n g m a t e r i a l was d r i e d in vacuo, then dissolved i n 
te t r a h y d r o f u r a n (THF) and hexamethylphosphoric t r i a m i d e (HKPT); the 
volumes used are s p e c i f i e d subsequently f o r each i n d i v i d u a l preparation. 
n-Butyl l i t h i u m s o l u t i o n (1.1 e q u i v a l e n t s ) was t r a n s f e r r e d t o a dropping 
funnel and then added dropwise t o the s o l u t i o n of the s t a r t i n g m a t e r i a l . 
Method 2. 
Sodium methylsulphinylmethide (NaMSM), Under a n i t r o g e n flow, sodium 
hydride (80% d i s p e r s i o n I n mineral o i l ; 1.4g, 46 mmol) was washed 
successively (3-5 times) w i t h dry pentane (IScm^). The excess pentane 
was removed, a f t e r the hydride had s e t t l e d , by decanting or using a 
syringe. Then dlmethylsulphoxide (DMSO) (25 cm^ ') was added and the 
mixture g e n t l y a g i t a t e d . The s t a r t i n g m a t e r i a l was d r i e d and then 
di s s o l v e d i n t e t r a h y d r o f u r a n (THF); the volumes used are s p e c i f i e d 
subsequently f o r each i n d i v i d u a l preparation. This s o l u t i o n was then 
added dropwise t o the s o l u t i o n of NaMSM i n dimethylsulphoxide (DMSO) t o 
y i e l d the carbanion i n s o l u t i o n . 
109-
Fluprene-9-carbDxylic acid (124. R=H) 
The ac i d was prepared i n y i e l d s of 57-68%, by c a r b o x y l a t l o n of the 
fluorene carbanion using the procedure of Tucker and Vhalley '^^ . The 
ac i d had ra.p. 229-31'C d i t . , ^ ' 228-31"); i n f r a - r e d v C=0. 1710(s) 
cm-' . 
Methyl fluorene-Q-glyoxylate (125) 
1) A s o l u t i o n of f l u o r e n y l carbanion was prepared using method (1) from 
n-butyl l i t h i u m and fluorene (4.65g, 28 mmol) i n a s o l u t i o n of 
tet r a h y d r o f u r a n (30 cm=^ ) and HMPT (0.5 cm^ ") which was cooled i n an i c e 
bath. This s o l u t i o n was then t r a n s f e r r e d , over 35 minutes, using a 
t r a n s f e r needle, t o a s o l u t i o n of dimethyl oxalate (3.3g, 28 mmol) i n 
the t e t r a h y d r o f u r a n (30 cnP). During the a d d i t i o n the colour (orange) 
of the s o l u t i o n of the carbanion was discharged and a p r e c i p i t a t e 
formed. A f t e r the mixture had been s t i r r e d f o r 50 minutes g l a c i a l 
a c e t i c a c i d (2 cm^) was added f o l l o w e d by water (15 cm^). The mixture 
was then f i l t e r e d and the solvent was removed from the f i l t r a t e and an 
orange m a t e r i a l which separated was c o l l e c t e d <3.35g). This m a t e r i a l 
was dis s o l v e d i n dlchloromethane (50 cm^) and the s o l u t i o n was washed 
w i t h water (2x15 cm^), and then d r i e d over calcium c h l o r i d e . Removal of 
the solvent then gave crude product (2.93g). R e c r y s t a l U s a t i o n of t h i s 
m a t e r i a l from carbon t e t r a c h l o r i d e gave the pure ester (2.22g, 32%) m.p. 
H5-20-C. ( l i t . , ^^ -^  m,p. 117.5-20->; Rf2B=0.20. 
2) The f l u o r e n y l anion was prepared from n-butyl l i t h i u m and fl u o r e n e 
(4.65g, 28 mmol) using method 1, i n t e t r a h y d r o f uran (30 cm=^ ) and HMPT 
(0.5 cm=^). The carbanion was then t r a n s f e r e d , as described above, t o a 
s o l u t i o n of dimethyl oxalate (3.3g, 28 m.mol) i n t e t r a h y d r o f u r a n (30 
cm^) maintained a t 60*C. A vigorous r e a c t i o n ensued causing the so l v e n t 
t o r e f l u x . Vhen the a d d i t i o n was complete (approx. 35 mln) the mixture 
was a g i t a t e d a t 40'C f o r 1 hour and then cooled t o room temperature. 
G l a c i a l a c e t i c a c i d (2.0 cm^) was then added, and a f t e r the mixture had 
been s t i r r e d f o r a f u r t h e r hour i t was f i l t e r e d and the solvent was 
removed from the f i l t r a t e . 
n o -
The c r u d e ^ r o d u c t (6.53g) which ^epera:ted was found to~be contaminated 
w i t h fluorene (T.L.C. Rf2B = 0.7). R e c r y s t a l 1 i s a t i o n from carbon 
t e t r a c h l o r i d e gave the pure g l y o x y l a t e ester (3.97g, 57%) w i t h m.p. 117 
20X. ( l i t . , m. p. 117.5-20"). 
Fluorene-9-carbQxylate e s t e r s (124. R=CH:^ . CH^CH^) 
Both e s t e r s were prepared using the procedure described below f o r the 
methyl ester. 
Fluorene-9-carboxylic a c i d (3.Ig, 14.8 mmol) was diss o l v e d i n methanol 
(30cm^), s u l p h u r i c a c i d (0.4 cm^) was added and the s o l u t i o n was then 
heated under r e f l u x ; a Soxhlet tube c o n t a i n i n g anhydrous magnesium 
sulphate was used t o dry the d i s t i l l a t e . A f t e r 3 hours the solvent was 
removed and the residue t r e a t e d w i t h a s o l u t i o n of sodium hydrogen 
carbonate (10% w/v, 35 cm^). The mixture was e x t r a c t e d w i t h ether (2 x 
20 cm^*), the combined ether e x t r a c t s were washed w i t h water (10 cm^), 
d r i e d (magnesium sulphate) and then concentrated t o give an o i l which 
c r y s t a l l i s e d when cooled i n i c e . This m a t e r i a l was r e c r y s t a l l i s e d from 
petroleum s p i r i t (b,p. 40-60*>; the pure ester (2.9g. 82%) had m.p. 65-
6-C ( l i t . , 66.5X) ; i n f r a - r e d Vn.«.< CHs 2690(w), v CO 1732(s) cm"' 
; T.L.C. RfA = 0.78, 
The e t h y l e s t er, obtained i n 60-67% y i e l d had m.p. 43-4'C ( l i t . . 
44-5*); i n f r a - r e d v^.x C=0 1732(s) cm-'\ T.L.C. RfA = 0.69. 
Fluorene-9-carbaldehyde Qxime (129) 
The aldehyde was prepared using the procedure of V l s l i c e n u s and Rub 
but not i s o l a t e d . This m a t e r i a l was converted d i r e c t l y t o the oxime by 
treatment w i t h hydroxylamine hydrochloride and sodium acetate i n 
r e f l u x i n g ethanol f o r 1 hour. The oxime was obtained I n 83% o v e r a l l 
y i e l d and had m.p. 158-62'C ( l i t . , m.p. 166*). 
I l l 
Fluorene-Q-carbonitrile (130) 
The oxime of fluorene-9-carbaldehyde was converted t o the n i t r i l e using 
t h i o n y l c h l o r i d e as described by V i s l i c e n u s and Rub 
R e c r y s t a l l i s a t i o n from ethanol gave the c a r b o n i t r i l e i n 66% y i e l d ; m.p. 
150-2X ( l i t . 152-C); i n f r a - r e d v„.«x 9-H 2905. v C=K 2235. 2260 cm" 
RflA = 0.29 RflC = 0.70. 
1-1 
FluQrene-9-lJ. N-dintethylcarboxamide (127? 
Fluorene-9-carbonyl c h l o r i d e was prepared using the procedure of Bavin 
the y i e l d was not determined. The a c i d c h l o r i d e had m.p. 67-70* 
( l i t . . '^^  68-71'C); i n f r a - r e d Vn,«>. C=0 l807(s)cm"V 
The a c i d c h l o r i d e was then used i n attempts t o prepare the N,N-dimethyl 
and N,N-diisopropyl carboxamides f o l l o w i n g the procedure of Bavin, but 
the desired products could not be i s o l a t e d from the r e a c t i o n mixtures. 
The procedure of Coppinger ^\ i n v o l v i n g s o l v o l y s i s of the a c i d c h l o r i d e 
w i t h d i m e t h y l f ormamide, gave a low y i e l d (1851) of f luorene-9-K. N-
dimethylcarboxamide. m,p. 148-53'C ( l i t . , ^= 159-60'). 
I' 
The procedure of (^tteneo i n v o l v i n g r e a c t i o n of N, N-dimethyl 
carbomoyl c h l o r i d e w i t h the f l u o r e n e anion, gave the product (120) i n 
26% y i e l d ; m. p. 156-8*C ( l i t . , ^= 159-60'); i n f r a - r e d v™.,. C=0 1640(s) 
cm-'; Rf1C=0.43. 
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3,2-2 or-Hydroxylatlon of Flunrpne-Q-carb03cylic a n i d d e r i v a t l v P F ; 
QxodlperQXoaquohexamethylphQsphorimldQ Molybdenum (MoO^. HWPT. H-^ Q) 
The complex, w i t h m. p. 90-3*C(d) ( i n f r a - r e d Vn.«x (H^O) 3400.1615; 
v(P=0) 1210,1190; 5(N-P=0) 755,740; v(O-O) 855,845; v(Mo=0) 965 cm-\ 
was prepared i n 71% y i e l d , by f o l l o w i n g the procedure of Mlmoun 
(1) Mo03 (20g, 139.2 Eimol) was dis s o l v e d a t 40'C i n hydrogen peroxide 
(100 cm^, 30%, lOOvol). the s o l u t i o n was cooled t o lO'C and HMPT (24,9g, 
139 mmol) was added w h i l s t s t i r r i n g the mixture vigorously. The yellow 
p r e c i p i t a t e which formed immediately was c o l l e c t e d and washed w i t h c o l d 
d i e t h y l ether (25.cm^"). R e c r y s t a l l i s a t i o n from methanol (^40'C) gave 
(MoOe.HMPT.H2O) 37g (71%). 
(2) The y i e l d was Increased t o 88% by i n c o r p o r a t i n g the m o d i f i c a t i o n s 
suggested by Vedejs The temperature of the r e a c t i o n was c o n t r o l l e d 
between 35 and 40*C and the mixture heated a t 40'C f o r 3.5 hrs. The 
re a c t i o n mixture was then cooled t o 20*C and f i l t e r e d before the 
a d d i t i o n of HMPT. 
QxQdlperpxohexamgthylphQsphQrimidg Holybdenuia UloOsJIlIEIl 
The anhydrous complex (KoOs.HMPT) was prepared by d r y i n g the aquo 
complex (MoOs.HMPT.H2O) over phosphorus pentoxlde (lOg.) i n vacuo f o r 24 
hours. S t r e t c h i n g frequencies a t 3400,1615 cm~\ v(H2p), were absent 
from the i n f r a - r e d spectrum of the product. 
OxodlperoxopyridlnQhexamethylphosphorlmldn Molybdenum (MoQ>..HMPT. py) 
(1) The aquo complex (MoOs.HMPT.H2O) was converted t o the p y r i d i n e 
d e r i v a t i v e (MOOG.HMPT.py.) i n 56% y i e l d by t r e a t i n g MoOs.HMPT. H2O w i t h a 
s o l u t i o n of p y r i d i n e i n dichloromethane as described by Mimouh 
( i n f r a - r e d Vn.ox (P=0) 1215.1185; Si^-?=0) 765.758; V(MDO=0) 960; 
v(O-O) 875.860; v ( p y r i d i n e ) I600(s),1310(s),710(s) cnr^. 
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(2) The y i e l d of p y r i d i n o complex was increased t o 62% by t r e a t i n g the 
anhydrous complex (MoOs.HMPT) w i t h p y r i d i n e as described, i n t e r alia, by 
Mimoun and Vedejs 
L i t h i u m dtisopropylamide (LDA) 
Lit h i u m diisopropylamide (LDA), was prepared by the procedure of 
Vedejs Glassware ws;-. d r i e d overnight i n . an .oven (9.0/C), copied, i n a 
dessicator over s i l i c a - g e l and then flushed w i t h n i t r o g e n a f t e r 
assembly. Diisopropylamine was p u r i f i e d p r i o r t o use by d i s t i l l a t i o n 
from calcium hydride. A s o l u t i o n of n-butyl l i t h i u m i n hexane (1.56M) 
was used as s u p p l i e d by the A l d r i c h Chemical Co.. and was t r a n s f e r r e d t o 
the r e a c t i o n vessel using a syringe or a double ended t r a n s f e r needle. 
The r e a c t i o n mixture was s t i r r e d using a magnetic f o l l o w e r and 
maintained under an i n e r t atmosphere of nit r o g e n . 
Ethvl 9-hvdrQxyfluQrene-9-n»rboxvlate (10 R=CH^ CH-.) 
(1) A s o l u t i o n of e t h y l fluorene-9-carboxylate (124; R=C2HE. 2.Og, 8.4 
mmol) i n dry t e t r a h y d r o f u r a n (40 cm^) was added t o a s o l u t i o n of l i t h i u m 
diisopropylamide (11 mmol) i n t e t r a h y d r o f u r a n (60 cm^) and hexane (30 
cnr^) maintained a t -78'C i n a dry ice/methanol bath. S o l i d m a t e r i a l , 
presumably the enolate anion, separated from the r e a c t i o n mixture. The 
r e a c t i o n vessel was then removed from the c o o l i n g bath. The mixture was 
s t i r r e d v i g o r o u s l y , and the complex MoOPH (4.8g, 11 mmol) was added, and 
the r e a c t i o n mixture was allowed t o a t t a i n room temperature. A f t e r 2 
hours, water (25 cm^) was added and the mixture was e x t r a c t e d w i t h ether 
(150 cm^). The organic phase was then washed successively w i t h a 
s o l u t i o n of sodium hydrogen carbonate (5% w/v, 50 cm^*), h y d r o c h l o r i c 
a c i d ( 5% w/v. 50 cm=^ ) and water (2 x 20 cnr*). The organic phase was 
d r i e d (sodium sulphate) and the solvent was removed l e a v i n g an o i l 
(1.95g). 
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This m a t e r i a l was d r i e d i n vacuo over phosphorus pentoxide but f a i l e d t o 
c r y s t a l l i s e . Examination by t h i n l a y e r chromatography i n d i c a t e d t h i s 
m a t e r i a l t o be a mixture of s t a r t i n g e ster (124, R=C2Hs. RflA = 0.69) 
and m a t e r i a l w i t h RflA = 0.16. presumably the a-hydroxy d e r i v a t i v e (124, 
R=C2Hs). T r i t u r a t i o n of the o i l w i t h aqueous ethanol produced s o l i d 
m a t e r i a l , which could not be p u r i f i e d by r e c r y s t a l l i s a t i o n . 
(2) The pr e p a r a t i o n was repeated, using the complex MoOPH prepared.by _ 
the modified procedure of Mimoun and Vedejs described p r e v i o u s l y ; 
i n t h i s case the pure hydroxy e s t e r (10, R=C2Hs) was obtained i n 49% 
y i e l d w i t h m.p. 91-3' ( l i t . , ' •92-6*0; i n f r a - r e d v„,a.x (OH) 3480(m). 
V C=0 1730(s) cm-'; RflA=0.20; a f t e r r e c r y s t a l l i s a t i o n from aqueous 
ethanol. 
HydTQRylfltlop of fluorene-Q-carbogYllc a c i d d e r i v a t i v e s with n ^ g f ^ n 
Ethyl Q-hydroxyfluorene-Q-carboxylate (10. R=CHcCH^) 
A s o l u t i o n of the e t h y l e s t e r (124, R=C2Hs. 2.0g, 8.4 mmol) i n anhydrous 
t e t r a h y d r o f u r a n (15 cm^) was added t o a s o l u t i o n of l i t h i u m 
diisopropylamlde (10 mmol) i n petroleum ether (40/60; 30 cm^ ") maintained 
at -78'C i n a dry ice/methanol bath. The enolate anion came out of 
s o l u t i o n and a f u r t h e r p o r t i o n of t e t r a h y d r o f uran (30 cm^ *) was added. A 
steady stream of oxygen was passed through the v i g o r o u s l y s t i r r e d 
suspension w h i l e the temperature o f the l a t t e r was allowed t o r i s e t o 
room temperature. A f t e r 40 minutes the mixture was washed w i t h sodium 
s u l p h i t e s o l u t i o n (10% w/v, 2 x 50 cm^). The organic phase was d r i e d 
(sodium sulphate) and the solvent was removed. R e c r y s t a l l i s a t i o n of the 
residue gave the a-hydroxy e s t e r (10. R=C2Hs. 1.7g, 80%) w i t h m.p. 92-5* 
( l i t . - '=^ 6 92-6*C>; i n f r a - r e d Vm.,. OH 3475(s), v C=0 1730(s> cm-'. The 
aqueous phase l e f t from e x t r a c t i o n , was a c i d i f i e d w i t h h y d r o c h l o r i c aced 
(2M) and was then r e - e x t r a c t e d w i t h c h l o r o f o r m (50 cm^). Evaporation of 
the dry (sodium sulphate) e x t r a c t gave the a-hydroxy a c i d (10, R=H, 
0.17g, 9%), m.p. 163-5'C undepressed on admixture w i t h an a u t h e n t i c 
sample ( l i t . , 164-6*C). 
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Methyl 9"-hyd'rox'y-fluQrene-Q-rarbnxyrate (10. R=CH^) ^ -
(1) The a-hydroxy ester was prepared by d i r e c t oxygenation of the 
enolate anion a t -32'C as described above f o r the e t h y l ester. Again 
s o l i d m a t e r i a l , presumably the anion, p r e c i p i t a t e d from s o l u t i o n . 
Oxygen was passed through the suspension f o r 6 hours and a f t e r being 
s t i r r e d f o r a f u r t h e r 16 hours at room temperature the r e a c t i o n mixture 
was worked up as before. The product was obtained i n 72% y i e l d 
f o l l o w i n g r e c r y s t a l l l s a t i o n from aqueous acetone and had m.p. 161-3*C 
( l i t . . 160'C); i n f r a - r e d v^ox OH 3495(S), v C=0 1730(s) cm'^ 
RflA=0.40. The corresponding a c i d (10. R=H, 8%) was i s o l a t e d from the 
aqueous phase and had m.p. 163-5" ( l i t . , 164-6"C). 
(2) The procedure was repeated but the enolate anion was generated and 
oxygenated at room temperature f o r 2.5 hours. I n t h i s experiment the 
ester, w i t h m. p. 160-2"C, was obtained i n 89% y i e l d . 
9-HydrQxy-fluorene-9-carbpxylic acid (10. R=H;> 
The a-hydroxy a c i d was prepared i n 83% y i e l d by the procedure of Moersch 
and Zwiesler i n v o l v i n g oxygenation of the d l a n l o n a t 0-5"C. The 
a c i d had m. p. 166-7"(d) ( l i t . . 164-6"); i n f r a - r e d v„.«>. OH 3440<s), 
V C=0 1720(s) cnr^. 
9-HydrQxyfluorene-9-g. H-dimethylcarboxamide (127) 
The a-hydroxy amide (127) was prepared i n 45% y i e l d using the procedure 
described p r e v i o u s l y f o r the d i r e c t oxygenation of the methyl e s t e r , but 
b u t y l l i t h i u m was used as base instead of l i t h i u m dllsoproplyamlde, and 
the r e a c t i o n was c a r r i e d out a t -lO'C. The amide had m. p. 120-2"C; 
( l i t . . ' *^=* 121.5-122-C; v^.^^ OH 3396, 3310 ( s ) , v CHa 3070.3050 (m), 
C=0 1630(s) cm-^ ; Rf 1A=0. 10. Rf 1C=0, 19. '^^^^ 
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Attempted h y d r o x y l a t i o n of fluQrene--9-carbQnitrlle (130) 
To a s o l u t i o n of l i t h i u m dlisopropylamlde (16 mmol) i n hexane (20 cmP). 
a s o l u t i o n of f l u o r e n e - 9 - c a r b o n i t r l l e (2.8g 14.6 mnol) i n 
t e t r a h y d r o f uran (50 cnr^) was added. Oxygen was then passed through the 
s t i r r e d s o l u t i o n a t a steady r a t e f o r 1.5 hours, a f t e r which the volume 
of the mixture was reduced t o approximately 30 cm^. The residue was 
d i l u t e d w i t h d i e t h y l ether (60 cm^) and then e x t r a c t e d w i t h a s o l u t i o n 
of sodium s u l p h i t e (107 w/v, 2 x 50 cm=^). The_aqueous phase was back 
e x t r a c t e d w i t h ether (30 cm^), then combined and d r i e d over sodium 
sulphate. Removal of s o l v e n t gave a crude product (2.3g); t h i n l a y e r 
chromatography, RflC=0.63, 0.52, 0.33. R e c r y s t a l l i s a t i o n of t h i s 
m a t e r i a l from toluene gave 9 , 9 ' - b i f l u o r e n e - 9 - c a r b o n i t r l l e (133; 0.8g 
29%) m.p. 233-6*C undepressed on admixture w i t h an a u t h e n t i c specimen. 
Removal of the solvent from the r e c r y s t a l l i s a t i o n l i q u o r s and subsequent 
r e c r y s t a l l i s a t i o n of the residue gave s t a r t i n g m a t e r i a l (0.28g, 10%), 
m.p. 150-2X, ( l i t . , 152-C). The l i q u o r s from t h i s r e c r y s t a l l i s a -
t l o n i n t u r n gave, a f t e r removal of solvent, inpure fluoren-9-one 
(0.9g), m.p. 76-80'C, ( l i t . , 82-5X; v^.x 0=0 1735(s) cm"'; 
Rf10=0.72). 
9 . 9 ' - B l f l u o r e n e - 9 - c a r b Q n i t r l l e (133) 
The n i t r i l e was prepared according t o the method of C l a v a l l a 
9-Bromofluorene (5g, 20 mmol) was s t i r r e d f o r 72 hours a t room 
temperature i n a s o l u t i o n of dimethylsulphoxide (55 cm^) and potassium 
cyanide <1.63g, 25 mmol). The r e a c t i o n mixture was then poured i n t o 
water (500 cm^) and the product c o l l e c t e d by f i l t r a t i o n . 
R e c r y s t a l l i s a t i o n from ethanol gave the c a r b o n i t r i l e i n 56% y i e l d , v f i t h 
m.p. 234-7-C ( l i t . . m.p. 234-8-C). 
117-
3,2-3 Preparation of Carbogylic Acid D e r l v a t l ? e f i nf Tndenopyridines 
Attempted c a r b o x y l a t l o n of 5H-lndenQ[ 1.2-b]pyridine (16) 
A s o l u t i o n of 5H-indeno£1.3-blpyridine (16, 5.0g 30 mmol) i n dry 
t e t r a h y d r o f uran (50 cmr^) was added, over 15 minutes, t o a s t i r r e d 
s o l u t i o n of n-butyl l i t h i u m (1.65H; 20 cm^, 33 mmol) i n t e t r a h y d r o f u r a n 
(30 cnP). The r e s u l t i n g s o l u t i o n assumed an intense crimson colour. 
Carbon di o x i d e was then bubbled through the r e a c t i o n mixture f o r 10 
minutes. The solvent was removed and the r e s u l t a n t s l u r r y was t r e a t e d 
w i t h water (100 cnr^) and then e x t r a c t e d w i t h e t h y l acetate (50 cm=*). 
Removal of solvent from the dry e x t r a c t gave the s t a r t i n g m a t e r i a l 
(1.95g, 39%); m.p. 94-6", unchanged on admixture w i t h an au t h e n t i c 
sample ( l i t . , 96-7'C). The pH of the aqueous phase was adjusted t o 
5 using h y d r o c h l o r i c a c i d (2M) and the white p r e c i p i t a t e which formed 
was c o l l e c t e d (2.5g). This m a t e r i a l had m.p. 119-23X(d.); Vn,a.x C=0 
1720(s) cm~'. R e c r y s t a l l i s a t i o n from n-butanol/ether gave only 
5H-indenoC 1,2-blpyridine (16) m.p. 93-5X ( l i t . . 96-7X); 
RflA=0.26. RflC=0.53. 
Attempted pre p a r a t i o n o f (RS)5H-1 ndenoC1,2-b]pyridine-5-H,H-dlmethyl 
carboxamide (135) 
5H-indenoIl,2-b3pyridine (16, 5.Og 30 mmol) was d i s s o l v e d i n 
t e t r a h y d r o f u r a n (70 crn^). The s o l u t i o n was then cooled t o -15X using 
an i c e / s a l t bath. A s o l u t i o n of n-butyl l i t h i u m (1.65M, 20 cm=^ , 
30 mmol) was then added dropwlse f o l l o w e d by N.H-dimethylcarbamoyl 
c h l o r i d e (3.5g 33 mmol) diss o l v e d i n t e t r a h y d r o f u r a n (10 cnP). The 
r e a c t i o n mixture was s t i r r e d f o r 20 minutes and then solvent was 
removed, the residue t r e a t e d w i t h water (50 cmP) and then e x t r a c t e d w i t h 
ether (2x60 cm^). The e x t r a c t was d r i e d and then t r e a t e d w i t h charcoal. 
Removal of the solvent y i e l d e d a t a r r y m a t e r i a l which contained a t l e a s t 
5 s o l u t e s as evidenced by t h i n l a y e r chromatography (RflC 0,15, 0.28, 
0,36, 0.49. 0.74), T r i t u r a t i o n of t h i s m a t e r i a l w i t h d i e t h y l e t h e r gave 
a semi c r y s t a l l i n e m a t e r i a l (l.Og) of which was f u r t h e r p u r i f i e d by 
'Flash Chromatography'; [column, 28 x 160 mm; was dry packed w i t h 
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statlonary~phase, ( K l s e l g e l 60, 230-400 mesh) 60g; eluant, e t h y l acetate 
(95%) petroleum ether I 4 0 - 6 0 ] ( 5 % ) ] . The f l o w r a t e was maintained at 
13 cm^ mln-^ and the f r a c t i o n s were examined by t h i n l a y e r 
chromatography Rf2B, and those c o n t a i n i n g s o l u t e s w i t h s i m i l a r Rf values 
were combined. 
Solute F r a c t i o n Y i e l d 
E 
Al 3-5 0.6 
A2 7-10 0. 1 
A3 12-20 0. 19 
A4 24-26 0.08 
Solute A l , had m. p. 90-2'C and was shown t o be s t a r t i n g m a t e r i a l ( i n f r a -
red spectra and mixed m e l t i n g p o i n t ) . Solute A3, which had m.p. 144-6'C 
; M* 238(69%), appendix 1,9; appeared from the prescence of absorptions 
a t 1640 (s) and 3030 (m) cm"' (corresponding t o amide carbonyl and -CHa 
s t r e t c h i n g ) I n i t s i n f r a - r e d spectrum t o be the expected product. 
S a t i s f a c t o r y elemental analyses, however, were not obtained. 
Attempted p r e p a r a t i o n of Ethvl (RS)5H-inHenofi.p-hipyridinp-5 
c a r b o x y l a t e . (irtfi) 
A carbanion was prepared, using procedure <1), from 5H-indenot1.2-bl 
p y r i d i n e (4.68g, 28 mmol) i n t e t r a h y d r o f uran (70 cnr^) and HMPT (1.0 
cm^"). The s o l u t i o n of the carbanion was t r a n s f e r r e d t o a s o l u t i o n of 
e t h y l chloroformate (5.8 cm^, 6.51g, 60 mmol) d i s s o l v e d i n 
t e t r a h y d r o f u r a n (20 cm^) cooled i n an ice/water bath. The r e a c t i o n 
mixture was then s t i r r e d a t O'C f o r 1 hour, warmed t o 27"C, and 
maintained a t t h a t temperature f o r 10 min. and then f i n a l l y heated t o 
40-45"C. A f t e r 20 minutes, g l a c i a l a c e t i c a c i d (2.0 cm^) was added t o 
the mixture which was then s t i r r e d f o r 30 minutes. 
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Examination of the r e a c t i o n mixture a t t h i s stage by t h i n l a y e r 
chromatography i n d i c a t e d the presence of a t l e a s t f o u r s o l u t e s ; 
Rf2B = 0.62; 0.51; 0.47; 0.25. The s o l v e n t was removed from the 
f i l t r a t e and the residue Vfas di s s o l v e d i n chloroform <90 cm^> and then 
washed w i t h water (3 x 50 cnP). The chlorof o r m was then d r i e d over 
calcium c h l o r i d e . Removal of solvent gave an o i l (5.2g). This m a t e r i a l 
was examined by t h i n l a y e r chromatography and then lOOmg was p u r i f i e d by 
f l a s h chromatography. Ki e s e l g e l 60 (6.25g; 230-400 mesh) was used as 
s t a t i o n e r y phase» w i t h e t h y l acetate <160 cnr^) and petroleum ether (40 
CEP) as mobile phase; 8.0 cnP f r a c t i o n s were c o l l e c t e d . The f r a c t i o n s 
were examined by t h i n l a y e r chromatography and those c o n t a i n i n g s o l u t e s 
w i t h s i m i l a r Rf values were combined. Three s o l i d s were obtained: 
•A'<40mg. Rf2C = 0.55); •B'<20 mg. Rf2C = 0.34); 'C'(20 mg, Rf2C = 
0.23), f u r t h e r examination of each by t h i n l a y e r chromatography 
demonstrated t h a t a l l contained several s o l u t e s t h a t had not been 
separated completely. Further p u r i f i c a t i o n on a l a r g e r scale (l.Og) 
f a i l e d t o give any product i n adequate q u a n t i t i e s f o r c h a r a c t e r i s a t i o n . 
Attempted synthesis of 
Methyl (RS)5H-indenQ[ 1.2-b1pyrldine-5-glyoxylate (137) 
A carbanion was prepared, using method ( 1 ) , from 5H-lndeno[ 1,2-b] 
p y r i d i n e (4.68g, 28 mmol) diss o l v e d i n t e t r a h y d r f u r a n (100 cm=*) and HMPT 
(1.5 cm^ ") cooled t o 0-5*C i n an ice-bath. The carbanion s o l u t i o n was 
then t r a n s f e r r e d , as described p r e v i o u s l y , t o a s o l u t i o n of dimethyl 
oxalate (3.3g, 28 mmol) maintained a t 25'C. A f t e r the r e a c t i o n mixture 
had been s t i r r e d f o r 1 hour g l a c i a l a c e t i c a c i d (2.0 cm^) was added, 
then the mixture was f i l t e r e d . The sol v e n t was removed from the 
f i l t r a t e t o leave an o i l y m a t e r i a l ( 5 . I g ) which a f t e r being kept a t 4*C 
f o r 18 hours c r y s t a l l i s e d (0.6g). The n o n - c r y s t a l l i n e m a t e r i a l 
consisted mainly of s t a r t i n g lu^ e r i a l , - (2.8g, 60%).- The s o l i d was 
examined by t h i n l a y e r chromatography, Rf2D= 0.50, 0.11 and by i n f r a - r e d 
spectroscopy; Vmo.>< C=0 1720, 1700 ( s ) ; v OCHs 2895 (m) cm-^ A p o r t i o n 
of t h i s m a t e r i a l (lOOmg) was p u r i f i e d by f l a s h chromatography using 
e t h y l acetate (160 cm^) as mobile phase, and Ki e s e l g e l 60 (5g; 230-400 
mesh) as s t a t i o n a r y phase; f r a c t i o n volume (8.0 cm^\ The f r a c t i o n s 
were examined by t h i n l a y e r chromatography and those f r a c t i o n s which 
contained the same s o l u t e were combined. 
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The s o l i d m a t e r i a l (56nig) that" vms T s o l a t e d from fractions"6-lr"*'A'~had 
m.p. 157-62'C; Rf2D = 0,49; elemental a n a l y s i s gave r e s u l t s which d i d 
not correspond t o the methyl ester. Found: C, 64.0; H, 4.15; N, 5.1%, 
CsHsNOo. requ i r e s : C, 71.1; H, 4.3; N, 5.5%. A second s o l i d (18mg) 
was i s o l a t e d from f r a c t i o n s 14-18, which was not p u r i f i e d f u r t h e r . 
Methyl (RS)5H-lndenotl.2-b3pyridine-5-carboxylate (138) 
A carbanlon was prepared using method (2) from sodium hydride ( 2 . I g , 
80%, 68 mmol). dimethylsulphoxide (38 cm=^ ) and 5H-indeno[ 1,2-b] p y r i d i n e 
(7.5g, 45 mmol) i n t e t r a h y d r o f u r a n (50 cm^*). Dlmethylcarbonate (19 
cm®, 225 mmol) was then added s l o w l y t o the carbanion at 19"C. A f t e r 
the r e a c t i o n mixture had been s t i r r e d f o r 1 hour i t was cooled i n an i c e 
bath and then poured i n t o h y d r o c h l o r i c a c i d (70 cm^ ". 3.5M). The pH of 
the mixture was adjusted t o 6.95 using sodium hydrogen carbonate 
s o l u t i o n (10% w/v) and i t was then e x t r a c t e d w i t h e t h y l acetate (2x300 
cm='). The e x t r a c t s were combined, washed w i t h water (2x60 cm®) and 
d r i e d over sodium sulphate. The solvent was removed t o leave a red o i l 
(lOg) which e x h i b i t e d a s t r o n g carbonyl absorption a t 1735 cm~'. 
Examination of t h i s m a t e r i a l by t h i n l a y e r chromatography (Rf2E, 0.53, 
0.37(trace); RflA, 0.26, 0.04(trace)) i n d i c a t e d t h a t i t was e s s e n t i a l l y 
homogeneous. A p o r t i o n (100 mg> of t h i s m a t e r i a l was p u r i f i e d by 
p r e p a r a t i v e t h i n l a y e r chromatography on s i l i c a gel (0.5mm la y e r , mobile 
phase; ch l o r o f o r m ) . The f i n a l product was chromatographically 
homogeneous; Rf2E=0.49; H* 225(40%), appendix 1,10; proton nmr; 
appendix-II,4) but could not be p u r i f i e d by d i s t i l l a t i o n t o enable 
s a t i s f a c t o r y elemental a n a l y s i s t o be obtained. 
(RS>5H-lndenQ[1.2-b]pyrldiDe-5-carbaldehyde (139? 
A s o l u t i o n of the carbanlon was prepared by method (2) from sodium 
hydride (1.2g. 80%, 40 mmol), dimethylsulphoxide (25 cm®) and 5H-
indeno[ 1,2-b]pyridine (5.0g, 29.9 mmol) di s s o l v e d i n t e t r a h y d r o f u r a n (55 
cm®). 
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Ethyl methanoate (10.4g, 11.3 cnP, 140 mmol) was added dropwise t o the 
s o l u t i o n o f the carbanlon t a k i n g care t o avoid excessive f r o t h i n g . 
A f t e r 1 hour the s o l u t i o n was t r e a t e d w i t h i c e c o l d h y d r o c h l o r i c a c i d 
(50 cnr', 4M) and then c a u t i o u s l y n e u t r a l i s e d w i t h sodium hydrogen 
carbonate s o l u t i o n (.10% w/v). The yellow/fawn p r e c i p i t a t e which formed 
was c o l l e c t e d (5.31g), and washed w i t h dichloromethane. The crude 
carbaldehyde (RS)5H'-1 ndenot 1. 2-b] pyridine-5-carbaldehyde had m. p. 253-
5(d)'C. Found: C, 79.6; H, 4.67; N. 6.85; CaHsHO requires: C, 80.0; 
H, 4.62; 1 , 6^85%; M+=195J23%)_appendlx .1.11; .. Vo.-.>c C=0__1745Js) ,^  v 
C=C, C=^ 1585,1570(m> cm"'; Proton nmr spectra appendix 11,5. 
(RS)5H-lndenQ[ l,2-blpyrldine-5-carbaldehydQ Qxlrae (140) 
The carbaldehyde (139, 4.84g> was d i s s o l v e d i n ethanol (50 cm^) and 
t e t r a h y d r o f u r a n (10 cnr^). Hydroxylamine hydrochloride (2.2g, 31 mmol) 
and sodium acetate (4g) were added. The mixture was s t i r r e d and heated 
under r e f l u x f o r 2 hours and then kept a t 22"C f o r a f u r t h e r 3 hours. 
Excess solvent was then removed and the c r y s t a l l i n e m a t e r i a l t h a t 
p r e c i p i t a t e d was c o l l e c t e d and d r i e d overnight i n vacuo. 
R e c r y s t a l l i s a t i o n of t h i s m a t e r i a l from ethanol gave <RS)5H-indenQ[1.2-
blpyridine-5-carbaldehyde oxiine (3.5g, 67%> w i t h m. p. 168-70*C. Found: 
C. 74.3; H. 4.8; N, 13.3%; CsHioN^O req u i r e s : C. 74.3; H. 4,76; 
N. 13.3%; M+=210(57%) appendix 1,12; RflC=0.38; RflA=0.08; Vm^x OH 
3400(w), V C=C,C=^ 1590,1570(m) cm'^ proton nmr spectrum appendix 
11,6. 
Attempted p r e p a r a t i o n of (RS)5H"indeno[1.2-b]pyrldine-5-carbonitrile 
The oxlme (140, 2.5g, 11.9 mmol) was d i s s o l v e d i n methylcyanlde 
(100 cm^) and t e t r a h y d r o f u r a n (35cm^). To t h i s s o l u t i o n t h i o n y l 
c h l o r i d e (2.8g, 1.9 cm=', 25 mmol) was added .dropwise. The r e a c t i o n 
mixture was s t i r r e d a t 23*C f o r 30 minutes, then heated a t 50'C f o r 
1 hour, and f i n a l l y s t i r r e d overnight a t 23*C. The s o l v e n t was then 
removed and the residue was d i s s o l v e d i n petroleum ether 
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Cb.p. 60-80-C, 50 cnP) and ethanol (10 cm^). Vater (30 cnP) was added 
fo l l o w e d by sodium hydrogen carbonate s o l u t i o n <10!6 w/v, 50 crn^). A red 
o i l formed which was i n s o l u b l e i n e i t h e r phase. The ether layer was 
removed and the o i l , which remained w i t h the aqueous phase, was 
ex t r a c t e d i n t o dichloromethane (100 cm^). The e x t r a c t was d r i e d over 
sodium sulphate and the solvent was removed t o leave a red o i l (1.9g) 
which c r y s t a l l i s e d a f t e r being d r i e d overnight i n vacuo. The s o l i d 
product was examined by i n f r a - r e d spectroscopy (vm»x C=N 2190(s) cm~M 
and by t h i n l a y e r chromatography;, . " f 1C=0. 61, 0,46,.. 0.3,_ .0.11.; 
RflA=0,31, 0.22, 0.09, 0.05) and p u r i f i e d using f l a s h chromatography 
(Mobile phase; e t h y l acetate/petroleum ether (b.p. 40-60), 9:1, 1000 
cm=^ ; s t a t i o n a r y phase, Kie s e l g e l 60, 50g; 230-400 mesh). A f l o w r a t e of 
27 cm=^/mln was used and 30 cm=* f r a c t i o n s were c o l l e c t e d . The f r a c t i o n s 
were examined by t h i n l a y e r chromatography (Rf5A) and those c o n t a i n i n g 
s o l u t e s of s i m i l a r Rf were combined. 
Solute ( f r a c t i o n s ) Rf2B Mass/mg 
A(l-3 ) 0.81 210 
B(5-9) 0.74 700 
C(10-14) 0.53 50 
D(15-20) 0.35 40 
E (23-27) 0.24 20 
The s o l u t e s obtained from these f r a c t i o n s were f u r t h e r I n v e s t i g a t e d by 
t h i n l a y e r chromatography and i n f r a - r e d spectroscopy. Solute 'A* had 
m.p. 202-5X, Found: C, 79.6; H, 4.2; 5, 14.0%, CisHeHs r e q u i r e s : 
C, 81.25; H. 4.17; 14,58%; M+ 192(100%) appendix 1,13, i n f r a - r e d . 
spectrum vm«x C=N 2175(s) cm"'. Solute 'B* was r e c r y s t a l l i s e d from 
ethanol. m. p. 139-41'C; v,„.« C=0 1712 cm"*; RflA 0.63, i n d i c a t i n g i t t o 
be 5H-indeno[1,2-b]pyridin-5-one. 
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Methvl (RS)5-hvdrQXV-5H-indenori:2-bTp>ridlne-5-carboxylate ( 1 4 1 ) " " 
A s o l u t i o n of l i t h i u m dilsopropylamide (38 mmol) i n hexane (50 cm^) was 
prepared as described previously. A s o l u t i o n of methyl (RS)5H-indeno 
[ l , 2 - b ] p y r i d i n - 5 - c a r b o x y l a t e (7.0g 31 mmol) i n t e t r a h y d r o f u r a n (50 cm=^ ) 
was added s l o w l y and the mixture was s t i r r e d f o r 25 minutes. Oxygen was 
then passed through the s o l u t i o n f o r 6 hours at a steady r a t e (12-15 
bubbles/min). The solvent was then removed and the residue was t r e a t e d 
w i t h h y d r o c h l o r i c a c i d (20 cm^ ', 2M). The pH was adjusted to_7.6 and the 
mixture was then t r e a t e d w i t h sodium s u l p h i t e s o l u t i o n (10%, 200 cm^*). 
The p r e c i p i t a t e which formed (3.4g) was c o l l e c t e d and washed w i t h 
t e t r a h y d r o f u r a n (50 cm^"). The f i l t r a t e was e x t r a c t e d w i t h e t h y l 
a c e t a t e / d i e t h y l ether (3:2, 2x225 cm=^), the e x t r a c t s were combined, 
washed w i t h water (2x50 cm^ )^ and then d r i e d over sodium sulphate. The 
dry s o l u t i o n was decolourised w i t h charcoal (2g); removal of the solvent 
gave more crude product (4g). This m a t e r i a l was combined w i t h t h a t 
obtained p r e v i o u s l y and was r e c r y s t a l l i s e d from petroleum ether (b.p. 
60-80'C), ethanol t o give ipethyl (RS)5-bydrQxy-5H-indGnQ[ 1, 2-b] p y r l d l ne-
5-carboxylate (6.65g, 89%) which had m.p. 124-6'C; Found C. 68.2; H, 
4.4; K, 5.4%, Ci^HiiNOa r e q u i r e s ; C, 69.7; H, 4.59; N. 5.8%; 
K*=241 (11%) appendix 1.14; RflC=0.50; Rf1A=0.12; v^^^ OH 3450(s). 
V C=0 1740(s), V C=C.C=N 1590. 1570(m) cm"'; proton nmr spectrum; 
appendix 11,8. 
(RS)5-HydrQxy-5H-indenQ[1.2-b}pyridine-5-carboxamide (142) 
Methyl (RS)5-hydroxy-5H-indeno[1.2-b)pyridine-5-carboxylate (1.34g 5.56 
mmol) was d i s s o l v e d i n methanol (130 cm^) and the s o l u t i o n was cooled a t 
0-5*C. A steady stream of ammonia gas was passed i n t o the c o l d s o l u t i o n 
f o r 30 minutes a f t e r which the s o l u t i o n became t u r b i d . A f t e r the 
mixture had been s t i r r e d f o r IShrs. i t was purged w i t h n i t r o g e n p r i o r t o 
removal of the solvent. The product was c o l l e c t e d by f i l t r a t i o n and 
then r e c r y s t a l l i s e d from ethanol t o y i e l d (RS>5-Hydroxy-5H-lndenQ[ 1.2-bl 
pyrldine-S-carbnyamldP (1.02g 81%) w i t h m. p.. 249-50*C; Found; C. 67.9; 
H, 4.28; N, 12.2 %; CZHVON^OS re q u i r e s ; C. 69.0; H, 4.46; N, 12.38%; 
M'"=226(5%) appendix 1,15; Rf2F, 0.28; v„.^ >. OH 3420(s); v HH2 3250(m); v 
CONH2 1670(s) cm-'; proton nmr spectrum 11,9. 
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3,3-1 " " S y n t h e s e s V i a protpcted Hydroxy Grniipg ^ 
9- (2'-tetrahydrQpyranylQxy)-fluorene (144) 
(1) To an ice c o l d s o l u t i o n of 9-hydroxyfluorene (1.82g, 10 mmol) i n 
dichloromethane (60 cm®), dihydropyran (5.04g, 50 mmol) and p-toluene-
sulphonic a c i d (30mg) was added. The r e a c t i o n mixture was s t i r r e d a t 
0*C f o r 10 m i n u t e s t h e n the temperature was allowed t o r i s e t o room 
temperature. A f t e r 2 hours the r e a c t i o n mixture was worked up as 
described by Bernady e t al The crude product (2.4g) was 
contaminated w i t h s t a r t i n g m a t e r i a l as shown by t h i n l a y e r 
chromatographic examination (RflA; 0.49 0.84), r e s p e c t i v e l y f o r the 
s t a r t i n g m a t e r i a l and e t h e r ) . The o i l y product was dissolved i n e t h y l 
acetate (5 cm®), and t h i s s o l u t i o n was passed through a column of 
alumina (Aluminium oxide 90, A c t i v i t y 1, 75g) using e t h y l acetate 
/petroleum ether (b.p. 60-80'C); 1:1, 500 cm® as the mobile phase, 
Eluant f r a c t i o n s (25 cm®) were c o l l e c t e d and analysed by t h i n l a y e r 
chromatography. F r a c t i o n s 1-6 were combined and evaporated t o give the 
9- (2' - t e t r a h y d r D p y r a n y l o x y ) - f luorene (2. Og 76%), w i t h m. p. 67-9*C; Vn,«>. 
CH, 3035(w) 2912(s) 2850(s), v C-O-C 1200(m) 1030(s) cm'^ 
(2) The same product was obtained i n 75% y i e l d using the technique of 
Yoshikoshi et al 9-Hydroxyfluorene (1.82g, 10 mmol) was d i s s o l v e d 
i n dichloronfithane (70 cm®) and t r e a t e d w i t h dihydropyran (1.26g, 15 
mmol) and p y r i d l n i u m p-toluenesulphonate (0.25g, 1 mmol). A f t e r the 
r e a c t i o n mixture had been s t i r r e d f o r 24 hours at room temperature the 
crude product was extacted and p u r i f i e d as described above. The ethbr 
9-(2*-tetrflhydrQpyraaylQxy?-fiuoreae had m. p. 70-1X; found C, 80.9; H, 
7.1; CiaHieOs r e q u i r e s C, 81,2; H. 6,8%; Rf2H 0.34. 
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9-(methQxyaigthQxy)fiuprene (1457 
The methoxymethoxy d e r i v a t i v e was prepared from 9-hydroxyfluorene 
(3.64g, 20 mmol), sodium hydride (80%, 0.61g, 20 mmol) and chloromethyl 
methyl ether (0.81g, 20 mmol) using the procedure of Kluge et al . 
The crude ether was p u r i f i e d as described above f o r the t e t r a h y d r o -
pyranyloxy d e r i v a t i v e . R e c r y s t a l l i s a t i o n from petroleum ether (60-80) 
gave 9-(iDetboxyii;etboxy)fluQrene (2.8g 62%) w i t h m. p. 126-9'C; Found; 
C, 79.25, H, 6.62%, C i sH iaOs requires:, C. 7.9_..62. H, 6.24%; RF1A=0.30; 
v„.a.x CH 3070 (m) 2950. 2920, 2880(s), 1475, 1440(s), v C-O-C 1210(m) 
1040(s) cm-^ 
Attempted p r e p a r a t i o n of 
Methyl 9-(2'-tetrahydrQpyranylQxy)-fluQrene-9-carbQXvlate 
The procedure described p r e v i o u s l y (page 125) f o r the methoxy 
ca r b o n y l a t i o n of 5H-indeno[1,2-b]pyridine was a p p l i e d t o 
9-(2'tetrahydropyranyloxy)fluorene (1.33g, 5 mmol). The r e a c t i o n 
mixture was n e u t r a l i s e d and then e x t r a c t e d w i t h d i e t h y l ether (2 x 50 
cm^). Removal of the solvent gave an o i l (1.2g) which was examined by 
t h i n l a y e r chromatography. RflA=0.81. 0.63, 0.23, 0.12, A p o r t i o n of 
t h i s m a t e r i a l ( I g ) was p u r i f i e d by f l a s h chromatography ( s t a t i o n a r y 
phase: k l e s e l g e l 60. 50g, 230-400 mesh; mobile phase: e t h y l 
acetate/petroleum ether (b. p. 60-80'C); 22%, 78%, 500 cm^ )^ f r a c t i o n 
volume (16 cm^). F r a c t i o n s c o n t a i n i n g the same s o l u t e (as evidenced by 
t h i n l a y e r chromatography) were combined. Removal of the solvent from 
f r a c t i o n s 2-8 gave m a t e r i a l (350 mg) which appeared t o be the impure 
ester; RflA = 0.63(major) 0.55 (minor); Vn.«x CH 3040(w), 3060(w), 
2935(s). 2860.2840(m). v C=0 1710 (m) _ 
HethQxycflrbpnylatlpn of 9-hydrQxyfluQrene(143? • 
9-Hydroxyfluorene (7.28g. 40 mmol) was t r e a t e d by the method described 
p r e v i o u s l y (page 121) f o r the methoxycarbonylation of 5H-indenot1.2-
b ] p y r i d i n e i n an attempt t o prepare methyl 9-hydroxyfluorene-9-
carboxylate. The crude r e a c t i o n mixture was t r a n s f e r e d t o h y d r o c h l o r i c 
a c i d (60 cm^, 2M). cooled i n and ice-bath. The pH of the mixture was 
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r a p i d l y adjusted t o 8.4, and i t was then e x t r a c t e d w i t h d i e t h y l ether 
(2x 150 cnr'). The combined la y e r s were washed w i t h water (50 cm^), 
d r i e d over sodium sulphate, and the solvent removed t o give an o i l 
(7.9g>. Examination of t h i s by t h i n l a y e r chromatography, showed t h a t 
i t contained f o u r components RflA = 0.59, 0.57, 0,38. 0.28. 0.13. The 
o i l p a r t i a l l y c r y s t a l l i s e d a f t e r 48 hours and the s o l i d (3.1g), obtained 
by t r i t u r a t i o n w i t h toluene (30 cm^), was r e c r y s t a l l i s e d from carbon 
t e t r a c h l o r i d e t o give 9,9'-dihydroxy-blfluorene (146, 2g) w i t h m. p. 189-
90'C, ( l i t . , .190-2-C); Found; C, _ 86. 16;_ H,. .5.,. 07% c a l c u l a t e d f o r 
CasHteOs C, 86.16; H, 5.01%; 362(^1%) appendix 1.17; Rf2G = 0.26; 
v„,«>, OH 3500(w)' 3340(s); v CH 3030, 3050(w) cm-\ and no carbonyl 
s t r e t c h . 
A p o r t i o n ( I g ) of the toluene s o l u b l e m a t e r i a l from the t r i t u r a t i o n was 
p u r i f i e d by f l a s h chromatography ( e t h y l acetate; petroleum ether 
(b.p.60-80X) 25%. 75%. 840 cm^ "; s t a t i o n a r y phase: Kieselgel 60, 50g. 
230-400 mesh: f r a c t i o n volume (30 cm^)). F r a c t i o n s t h a t contained a 
s i n g l e s o l u t e w i t h i d e n t i c a l Rf value were combined. 
Fra c t i o n s Rf2G Mass/ng 
A, 1-2 0.66 110 
B, 3-5 0.49 400 
C. 7-8 0.29 50 
D, 9-14 0.22 300 
F r a c t i o n 'A' was I d e n t i f i e d as fluorene ( i n f r a - r e d spectrum and t h i n 
l a y e r chromatography using two solvent systems, m. p. 113-5*C undepressed 
on admixture w i t h an a u t h e n t i c sample). 'B' was I d e n t i f i e d as f l u o r e n e -
9-one; confirmed by t h i n l a y e r chromatography. Rf2H = 0.45; i n f r a - r e d 
spectrum i d e n t i c a l w i t h t h a t of an a u t h e n t i c sample, and 'C* as 
s t a r t i n g m a t e r i a l (m.p. 151-3X. l i t . , 153-4X). 'D* was methyl, 9- . 
hydroxyflourene-9-carboxylate (10, R=CH3), i d e n t i f i e d by m.p. 158-60*C, 
l i t . , 160*C) undepressed on admixture w i t h an a u t h e n t i c specimen. 
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Attempted preparatlpn of 
(RS)5-(2'-tetrahydropyranylQxy)-5H-indenQ[ 1.2-blpyrldiHP 
5-Hydroxy-5H-indeno[1,2-b]pyridine (109; 3.66g, 20 mmol) was d i s s o l v e d 
i n dichloromethane (100 cm®), and t o t h i s s o l u t i o n dihydropyran (2.52g, 
30 mmol) and toluene-4-sulphonic a c i d (0.5g) were added. Complete 
s o l u t i o n was then obtained by the a d d i t i o n of t e t r a h y d r o f u r a n (50 cm^). 
The r e a c t i o n mixture was then sealed.under n i t r o g e n and s t i r r e d i n the 
dark a t 40*C f o r 36 hours. Examination of the r e a c t i o n mixture by t h i n 
l a y e r chromatography, i n d i c a t e d the mixture t o be composed of two 
s o l u t e s w i t h Rf9A = 0.91 and 0.69; the l a t t e r corresponded t o the 
s t a r t i n g m a t e r i a l . The r e a c t i o n was then continued f o r a f u r t h e r 39 
hours at 23'C, a t which p o i n t conversion had ceased as evidenced by t h i n 
l a y e r chromatography. An excess of the c a t a l y s t , toluene-4-sulphonic 
a c i d (4.75g, 25 mmol), was added together w i t h dihydropyran (2.3g 27 
mmol). The r e a c t i o n was then allowed t o proceed f o r a f u r t h e r p e r i o d of 
42 hours, a f t e r which no s t a r t i n g m a t e r i a l could be detected by t h i n 
l a y e r chromatography. The mixture was then d i l u t e d w i t h d i e t h y l ether 
(100 cm®), washed w i t h h a l f s a t u r a t e d b r i n e (2 x 75 cm®), and the 
solvent was removed t o g i v e a brown o i l (7.5g). This was analysed by 
t h i n l a y e r chromatography on alumina; Rf2I = 0.85, 0.61, 0.16. The 
main component had Rf=0.61, w h i l s t the s t a r t i n g m a t e r i a l had Rf=0.16, 
A p o r t i o n of the o i l (2.5g) was p u r i f i e d by absorption chromatography on 
alumina (aluminium oxide 90, a c t i v i t y I , 60g, mobile pliase; e t h y l 
acetate/petroleum ether (b.p, 60-80"C>, 30%; 70%; 500 cm®; f r a c t i o n 
volume (31 cm®)). The eluant f r a c t i o n s were examined by t h i n l a y e r 
chromatography, R f 2 I . F r a c t i o n s 1-7 contained a s o l u t e w i t h Rf 0.58; 
these were combined and a f t e r removal of s o l v e n t gave an o i l (1.53g> 
w i t h b.p. = 214t, 219A'C. This p u r i f i c a t i o n was repeated w i t h a second 
p o r t i o n of the crude m a t e r i a l (2.5g) t o give a t o t a l y i e l d (2.9g). 
Attempts t o p u r i f y t h i s m a t e r i a l by vacuum d i s t i l l a t i o n proved 
unsuccessful. 
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3,4-1 SYntheseS I n v o l v i n f f Addition t o the Carhnnyl Group 
Syntheses using c y a n o t r i m e t h y l s i l a n e (THSCg) 
1. In a l l cases r e a c t i o n s I n v o l v i n g c y a n o t r i m e t h y l s i l a n e (THSCN) were 
performed i n a closed system under a n i t r o g e n atmosphere. 
2. The r e a c t i o n mixtures were s t i r r e d usi:-- a magnetic f o l l o w e r . .- . 
3. Due t o the extreme t o x i c i t y of the reagent (TMSCN) the r e a c t i o n s were 
c a r r i e d out using sealed apparatus i n a fume cupboard and the reagent 
was introduced i n t o the r e a c t i o n vessel using e i t h e r a syringe or a 
t r a n s f e r needle v i a a septum. 
4. The phase t r a n s f e r c a t a l y s t ' s a . i s a ^ „aQ prepared as a 1:1 complex, 
by d i s s o l v i n g anhydrous potassium cyanide i n a s o l u t i o n of 
1,4,7,10,13,16-hexaoxacyclo-octadecane (18-crown-6> i n anhydrous 
methanol. 
9-HydrQxyfluorene-Q-carbonitrile (147) 
Fluorene-9-one (1.4g. 7.8 mmol) was d i s s o l v e d i n benzene (3 cm^ ') 
c o n t a i n i n g phase t r a n s f e r c a t a l y s t <0.009g). To t h i s s o l u t i o n 
c y a n o t r i m e t h y l s i l a n e (1.2 cm=», 9 mmol) was added and the r e a c t i o n 
mixture s t i r r e d a t 65*C. A f t e r 43hrs, t e t r a h y d r o f u r a n (3.5 cm=») and 
hy d r o c h l o r i c a c i d (2 cm=^ . 2M) were added and the. mixture was s t i r r e d 
f o r I h r . I t was then e x t r a c t e d w i t h d i e t h y l ether (3x5 cm^*). The 
e x t r a c t was d r i e d , the solvent was removed and the s o l i d residue was 
r e c r y s t a l l i s e d from toluene t o give 9 - h y d r o x y f l u o r e n e - 9 - c a r b o n i t r l l e 
(1.38g. 86%) w i t h m.p. lie-S'C ( l i t . , '^ ^^  118.5-120'C); Vn>*>< OH 3380(m> 
V C=5 2220(w) cm-^. 
129 
Convprslon of Q - h y d r o x y f l u o r e n e - Q - r a r h n n l t r l l e to 9-bydroxyflunrpne-9-
carbQ«yllc acid UP) 
1) The hydroxy c a r b o n l t r i l e (147, 0.Ig. 0.48 mmol) was dissolved I n a 
mixture of h y d r o c h l o r i c a c i d (0.5 cm^, 6M) and t e t r a h y d r o f u r a n (0.5 cm^) 
The s o l u t i o n was then heated a t 75'C f o r 4 hrs, and then cooled t o room 
temperature. Tetrahydrof uran (3 cm=*) was added and the p r e c i p i t a t e t h a t 
formed was c o l l e c t e d . This m a t e r i a l was r e c r y s t a l l i s e d from water t o 
give the 9-hydroxyfluorene-9-carboxylic acid_(10._0.025g. 23%) m.p. 165-
7"C ( l i t . , 164-6X). The f i l t r a t e remaining a f t e r c o l l e c t i o n of the 
crude a c i d was e x t r a c t e d w i t h d i e t h y l ether (2x5 cm^); removal of the 
ether provided a residue which contained the acid'(10) together w i t h 
fluorene-9-one (109). as evidenced by t h i n l a y e r chromatography; RflA 
0.15 and 0.78 r e s p e c t i v e l y . 
2) The hydroxy c a r b o n i t r i l e (147, 0.25g, 1.2 mmol) was diss o l v e d i n 
acetone (1 cm==) and h y d r o c h l o r i c a c i d (0.5 cm=^ , 6M) and the s o l u t i o n was 
heated a t 60*C f o r 24hrs. The mixture was then cooled t o room 
temperature and the p r e c i p i t a t e was c o l l e c t e d by f i l t r a t i o n . 
R e c r y s t a l l i s a t i o n from water gave the a c i d (0.23g, 84%) w i t h m.p. 163-
6'C ( l i t . , 164-6*C); Vn,.x OH 3440(m) v C=0 1712(s) cm"'. 
Attempted p r e p a r a t i o n of (RS)9-hydroxy-9H-lndenoC2.1-b]pyridine 
-9-carbQnitrlle 
9H-indeno[2,l-b]pyridln-9-one (23, 0.5g. 2.5 mmol) i n s o l u t i o n i n 
dicloromethane (4 cnr^> was t r e a t e d w i t h c y a n o t r i m e t h y l s i l a n e (0.3 cmP 
2.8 mmol). The r e a c t i o n mixture was s t i r r e d f o r 5.5 hours and then 
h y d r o c h l o r i c a c i d (2 cm^, 2H) was added; the pH of the mixture was 
adjusted t o 6-8 and i t was then e x t r a c t e d w i t h chloroform (10 cm^). 
Removal of so l v e n t gave only recovered s t a r t i n g m a t e r i a l (23, 0.34g, 
68%) m.p. 127*C (undepressed on admixture w i t h a u t h e n t i c m a t e r i a l ) ; v, 
C=0 1730(s) cm-'. 
130-
Attempted preparation of (RS)5-hydroxy-5H-lndenQn.2-b]pyridine 
- S - c a r b o n l t r l l P 
To a s o l u t i o n of 5H-indenoC1,2-b]pyridin-5-one (19, I g , 5.12 mmol) i n 
benzene (2 cm^), c y a n o t r l m e t h y l s i l a n e (1.6 cm^, 12 mmoi) was added. 
A f t e r the r e a c t i o n had been s t i r r e d a t 61'C f o r 24hrs, the solvent and 
reagent were removed under vacuum t o y i e l d the crude adduct [ as shown 
by . i n f r a - r e d ; absence,.of v„,^ >, C=0 J.725 cmi _ .Treatment. of t h i s . 
ma t e r i a l w i t h h y d r o c h l o r i c a c i d and work up as described above gave a 
s o l i d which had m.p. 151-3'C. R e c r y s t a l l i s a t i o n of t h i s m a t e r i a l from 
e t h y l acetate gave the s t a r t i n g m a t e r i a l <0.35g) m.p. 140-1*C 
(undepressed on admixture); v ^ a x C=0 1726(s) cm"^. 
(RS)5-CYano-5-hvdroxv-5H-iDdenon.2-hlpyrldlnlum toluene-4-sulphonatP 
(148) 
5H-indeno[1,2-b]pyridine-5-one (1.5g, 8.29 mmol) was dissolved i n 
benzene (4.5 cm=») which contained phase t r a n s f e r c a t a l y s t (0.006g). To 
t h i s s o l u t i o n , c y a n o t r i m e t h y l s i l a n e (1.78 cm^, 13.3 mmol) was added and 
the r e a c t i o n mixture was s t i r r e d a t 65*C. A f t e r 78hrs the s o l u t i o n was 
cooled and toluene-4-sulphonic a c i d (1.74g, 9.1 mmol) dissolved i n 
b u t a n - l - o l (15 cm^) was added. A p r e c i p i t a t e formed which was c o l l e c t e d 
and washed w i t h benzene (15 cm==*) and then w i t h b u t a n - l - o l (8 cm^). The 
product was d r i e d i n vacuo and then r e c r y s t a l l i s e d from 
dimethylformamlde and b u t a n - l - o l t o y i e l d (RS)5-cyanQ-5-hydrQxy-5H-
lndsDQ-[ 1.2- b ] p y r i d i D i u i i i tpluene-4-5UlphQnflte (2.48g. 92%) w i t h m. p. 
196-9(d)-C Found; C. 62.9; H, 4.7; N, 7.6% C20H1GNaOaS requ i r e s ; C, 
63.2; H, 4.21; N. 7.4%; m/z 208(86%) appendix 1,18; v„..>. OH3180(m). 
V C=N 2215(w) cf f l - ^ . 
131-
Attempted hydrolysis of 
(RS)5-hydroy-5H-ylndenQ[ 1.2-b]pyridine-5-carbQnltrnP. 
5H-indenot1,2-b]pyridine-5-one (2.5g, 13.8 mmol) was dissolved i n 
benzene (25 cm®) which contained phase t r a n s f e r c a t a l y s t (O.OlOg). To 
t h i s s o l u t i o n , c y a n o t r i m e t h y l s i l a n e (2.0 cm®, 15.8 mmol) was added and 
the r e a c t i o n mixture was s t i r r e d a t 50*0. A f t e r 20 hours, the r e a c t i o n 
mixture was t r e a t e d w i t h acetone (45 cm®) and h y d r o c h l o r i c a c i d ( 5 cm®, 
2H), then s t i r r e d f o r 2 hours. Removal of solvent gave, the.crude„ ^ 
hydroxy c a r b o n i t r l l e adduct (1.92g) t h i s m a t e r i a l was t r e a t e d w i t h 
h y d r o c h l o r i c a c i d (5 cm®, 2H), water (35 cm®) and methanol (15 cm®) and 
The r e s u l t a n t s o l u t i o n was kept at 60'C f o r 4hrs, f i l t e r e d and then 
e x t r a c t e d w i t h dichloromethane (15 cm®). The pH of the aqueous phase 
was adjusted t o approximately 6 w i t h sodium hydrogen carbonate s o l u t i o n 
(10% w/v). The p r e c i p i t a t e which formed was e x t r a c t e d i n t o 
dichloromethane: c h l o r o f o r m (2:1, 75cm®), The e x t r a c t was d r i e d over 
calcium c h l o r i d e and the solvent was removed t o leave a s o l i d residue 
(1.34g). This m a t e r i a l , a f t e r r e c r y s t a l l i s a t i o n from toluene/methanol 
gave (RS)5-hydrQxy-5H-lndenQ[1.2-b3pyridine (1.2g, 48%) w i t h m. p. 151-
3*C. Found; C, 78.9; H, 4.95; N, 7.45%. C12H9N0 req u i r e s ; C, 78.7; H, 
4.95; ir, 7.65%; 183(100%); i n f r a - r e d . v„..x OH, 3450(m), 3575(n) cnr' 
The aqueous phase from the e x t r a c t i o n was a c i d i f i e d and a f t e r removal of 
solvent gave crude m a t e r i a l ( l , 3 g ) , w i t h m. p. 139-41*C (undepressed on 
admixture w i t h s t a r t i n g m a t e r i a l ) ; v^i^^ C=0 1725 cmr^; t h i n l a y e r 
chromatography RflA 0.28. 
(RS)5-hydrpxy-5H-lndeDQ[l.2-b]pyridine {120) 
5H-indeno[l,2-b)pyridin-5-one (5.0g, 27.8 mmol) was dissolved i n propan-
2 - 0 I (200 cm®) and t e t r a h y d r o f u r a n (30 cm®). The s o l u t i o n was s t i r r e d 
a t 60-70'C and sodium borohydride (0,6g, 15.8 mmol) was then added as a 
s l u r r y i n t e t r a h y d r o f u r a n (19 CEP). The r e a c t i o n mixture was s t i r r e d a t 
=^ 60*C f o r 2.5hrs, and then excess solvent was removed and the mixture 
was poured onto ice/water (250 cm®). A f t e r I h r , the s o l i d t h a t had 
separated was c o l l e c t e d , washed w i t h d i e t h y l ether and then d r i e d JM. 
vacuo. R e c r y s t a l l i s a t i o n from toluene/methanol gave the hydroxy 
compound (120, 72-85%) m. p. 151-2*C, undepressed on admixture w i t h 
m a t e r i a l as prepared above. 
-132-
ff.g-dllfinprnpyl-9-hydroyyfluQrene-9-carboxamlde(lS?> 
The procedure of Smith et al ^® was followed using fluorene-9-one 
(0.33g. 1.8 mmol). D i i s o p r o p y l formamide (0.31g, 2.4 mmol) was 
dissolved i n t e t r a h y d r o f u r a n (20 cm^), d i e t h y l ether (20 cm^) and 
pentane (5 cm^>. The r e a c t i o n f l a s k was then cooled t o about -95*C by 
the slow a d d i t i o n of l i q u i d n i t r o g e n t o acetone i n a c o o l i n g bath u n t i l 
the acetone j u s t f r oze. The s o l u t i o n was s t i r r e d and t - b u t y l l i t h i u m 
(1.6 cnP, 1.7M)^was added..oven_2 minutes. using-a_syringe. . After,, the _ , 
mixture had been s t i r r e d f o r 40 minutes fluorene-9-one (0,33g) was added 
i n a mixture of t e t r a h y d r o f u r a n (4 cm^*). d i e t h y l ether (4 cnP) and 
pentane <1 cm^). The s t i r r e d mixture was allowed t o a t t a i n room 
temperature over 2 hours, then the solvent was removed and the residue 
re d i s s o l v e d i n dichloromethane (50 cm^) and then washed w i t h water (2x20 
cm^). The dichloromethane e x t r a c t was d r i e d over magnesium sulphate, 
removal of so l v e n t gave the crude product which was p u r i f i e d by vacuum 
su b l i m a t i o n f o r 16hrs a t 75*C, fo l l o w e d by f l a s h chromatography 
( k i e s e l g e l 60 (6g, 230-400 mesh); mobile phase, hexane ( 4 % ) : e t h y l 
acetate (96%), 250 cm=^ '. The f r a c t i o n s which contained s o l u t e w i t h RflA 
0.52 were combined; removal of the solvent gave impure N,N-diisopropyl-
9-hydroxyfluorene-9-carboxamlde which was r e c r y s t a l l i s e d from petroleum 
etherC b.p, 60-80*C3 and chloroform t o y i e l d pure amide (152, 0.36g, 
64%) m.p. 181-2-C; found C. 77.3; H. 7.5; N. 4.2% C20H23HO2 r e q u i r e s C. 
77.7; H. 7.4; H,4.5%; 309. m/z 86(100%) HCO^CaHv (appendix 1,19); 
i n f r a - r e d Vr»^^ OH 3250 ( s ) . v CH 3000-2925 (m), v C=0 1625(a); proton 
nmr, appendix 11,10 
Attempted p r e p a r a t i o n of (RS)5-hydroxy-5H-lndenoC1.2-blpyridlRP-R-
dlIsopropylcarboxamide 
The procedure described above was repeated using 5H-indenoC1,2-b] 
pyridine-5-one (0.33, 1.8 mmol). The crude product was worked up as f o r 
ff. l l - d i - i s o p r o p y l 9-hydroxyf luorene-9-carboxamlde except t h a t the impure 
amide was r e c r y s t a l l i s e d from petroleum e t h e r l b . p , 60-80] t o g i v e 
m a t e r i a l w i t h m.p. 192-4''C; M"^  310(4%), m/z 128(100%) HCX)N(C3H7)2 
(appendix 1,20), s a t i s f a c t o r y a n a l y s i s could not be obtained f o r t h i s 
m a t e r i a l . 
133-
3,5-1 S y n t h e t i c Routes t n SH-lndenoC l.g-blpyr-iriinp 
l - ( R - p l p e r l d l n y l ) l n d e n e (61) 
The enamine, 1 - ( N - p i p e r i d i n y l ) i n d e n e was prepared from 1-indanone 
(37.3g, 282 mmpl), piperidene, (93g, 1110..mmol)-_and^.toluene-4-sulphonlc^ 
a c i d <0.5g) according t o Heyl and Herr The crude enamine was 
p u r i f i e d by vacuum d i s t i l l a t i o n ; the product was obtained as an o i l , 
b.p. 148-52*C(P=10 mm(Hg). l i t . 120-6-C(0.6mm(Hg); i n f r a - r e d v,«ox HN 
3410(m) V HC=CH 1600. 1575(s) cm"'; t h i n l a y e r chromatography Rf2C 0.42. 
2.3.4.4fl-tetrahydrn-5H-i ndPnoC1.2-blpyridine (62) 
l - ( K - p i p e r i d i n y l ) i n d e n e was t r e a t e d w i t h 3-bromopropylamine i n 
dlmethylformamide using the method of P a r c e l l and Hauck 
P u r i f i c a t i o n of the product by vacuum d i s t i l l a t i o n a f f o r d e d 2,3.4,4a-
tetrahydra-5H-indenoC1,2-b]pyridine i n 62% y i e l d ; b.p. 100-102'C a t 
0.2mm(Hg) ( l l t . , * ^ b.p. 100-2*0 a t 0.25mm(Hg). 
Attempted a r o r a a t l s a t l o n of 2.3.4.4a-tetrahydro-5H-indeno[1.2-b]pyrid1np 
Dehydro-aromatlsation of the t e t r a h y d r o compound using palladium on 




Indan-2-one (5g. 38 mmol) and acetamlde (2.23g, 38 mmol) were heated 
under a Dean and Stark t r a p I n r e f l u x i n g toluene (120 cnP) f o r 93hrs. 
During t h i s r e a c t i o n period, acetamlde (==0. I g ) c o l l e c t e d at the bottom 
of the r e f l u x condenser and was removed. Removal of the solvent gave a 
crude mate r i a l which contained a t l e a s t f i v e components (as evidenced by 
t h i n l a y e r chromatography). R e c r y s t a l l i s a t i o n of t h i s m a t e r i a l twice 
from toluene and treatment wlth^.char^cbal;. gave>2-acetamidoindene -. 
(1.28g. 20%) which had m.p. 193-4-C. ' Found C, '75/8; H. 6.44; N. 7.82%. 
C i i H i i R O r e q u i r e s C. 76.2; H, 6.40; N . 8,09%; 173(29%). appendix 
1,21; i n f r a - r e d , v,„«x NH 3260.3310 ( s ) . v CH^ 2930.2900"(w), v C=0 
1670(s) and 1550(s) amide I , I I ; p roton nmr, appendix 11,11; t h i n l a y e r 
chromatography Rf2C 0.30. 
l-acetainidQ-2(l'-lndenyl)indene (157) 
1-Indanone (13.2g, 100 mmol) and acetamide (2.95g, 50 mmol) were heated 
i n r e f l u x i n g toluene (150cm^) c o n t a i n i n g toluene-4-sulphonic a c i d 
(lOOmg) under a Dean and Stark t r a p . A f t e r 27hrs the excess toluene was 
removed and the residue cooled t o about 4*C. This s o l i d m a t e r i a l which 
had separated was c o l l e c t e d and then r e c r y s t a l l i s e d from ethanol t o 
y i e l d 1-acetamldn-2(1'-Indenyl)1ndene (5.25g, 37%) w i t h m.p. 197-9*0. 
Found, C. 83.7; H, 6.11; B, 4.46%, C^OHITNO re q u i r e s , C, 83.6; H. 
5.96: K, 4.87%; 287(29%). appendix 1,22; i n f r a - r e d Vn,.>. KH 3270 
( s ) , V GHz 3050-2920(m), v 0=0 1655(s) cm-'; proton nmr, appendix 11.12; 
t h i n l a y e r chromatography, Rf2C 0.70. 
135-
2-acPtamldQ-l(2*-indenyl)Indene (158) 
2-Indanone (13.2g, 100 mmol) and acetamlde (2.95g, 50 mmol) were heated 
I n r e f l u x i n g toluene (150 cnr^) c o n t a i n i n g toluene-4-sulphonlc a c i d 
(lOOmg) under a Dean and S t a r k trap. A f t e r 20 hours e x c e s s toluene was 
removed and the r e a c t i o n mixture was cooled i n an ic e / w a t e r bath. 
C r y s t a l l i n e m a t e r i a l r a p i d l y s e p a r a t e d and was c o l l e c t e d by f i l t r a t i o n . 
T h i s m a t e r i a l was r e c r y s t a l l i s f ' from g l a c i a l a c e t i c a c i d to y i e l d _ 
2-acetamj do-1 (2' -1 ndenyl) indene (11. 4g, 80%) which had m.p. 228-30X. 
Found, C, 83.4; H, 6.02; N, 4.42%. CzoHiyNO r e q u i r e s , C, 83.6; H, 
5.96: N, 4.87%; 287(76%), appendix 1,23; i n f r a - r e d v^o>. Iffl 
3285(s>; v CH 3070-3030(m); v C=0 1653(s) cm"'; proton nmr, appendix 
11,13; t h i n l a y e r chromatography Rf2C 0.56, Rf2H 0.12. 
Conversion of 2-acetamidQindene to 2-acetamidQ-l(2*-indenvDindene (158) 
2-Acetamidoindene (0.8g, 4.62 mraol) and indan-2-one (0.75g, 5.6 rnmol) 
were heated under a Dean and S t a r k t r a p i n r e f l u x i n g toluene (80 cm^) 
c o n t a i n i n g t o l u e n e - 4 - s u l p h o n i c a c i d (25mg) f o r 6hrs. The e x c e s s toluene 
was removed t o g i v e crude m a t e r i a l which was r e c r y s t a l l i s e d from g l a c i a l 
a c e t i c a c i d t o g i v e 2-acetamldo-l(2'-IndenyDlndene (0.44g, 33%) wit h 
m.p. 226-9X, undepressed on admixture with m a t e r i a l prepared a s 
d e s c r i b e d above; t h i n l a y e r chromatography Rf2C 0.50. 
H y d r o l y s i s of 2 - a c e t a m l d Q - l ( 2 * - t n d e n y l ) i n d e n e (158) 
2-Acetamido-l(2'-indenyl)indene (0.3g, 1.05 mmol), d i s s o l v e d i n 
t e t r a h y d r o f u r a n (15 cm®) was t r e a t e d with h y d r o c h l o r i c a c i d s o l u t i o n (15 
cm®, 6H) and the s o u l t i o n was then heated a t 40-45'C f o r 8hrs. Removal 
of the t e t r a h y d r o f u r a n gave a crude s o l i d which a f t e r r e c y s t a l l i s a t i o n 
from toluene provided l ( 2 ' - i n d a n y l l d e n e ) i n d a n - 2 - o n e (159, 0,22g. 85%) 
with m.p. 176-8'C ( l i t . , 178'C); 246(100%), appendix 1.24; 
i n f r a - r e d Vm»x 0=0 17 1 3 ( s ) ; t h i n l a y e r chromatography Rf2H 0.55. 
136-
Toluene-4-sulphonyIhydrazide 
The s u b s t i t u t e d hydrazine was prepared i n 85% y i e l d , with m.p. 108*C; 
l i t . . '^ "^  106-9'C, using the procedure of L i t l e i n f r a - r e d Va.«x 
NH 3260,3395(3), SO^NH 1320,1160Cs) cm''. T h i s m a t e r i a l was s t o r e d i n 
a d e s s i c a t o r over s i l i c a - g e l p r i o r to use-
Benz(h)quiDQline-5.6-dia7:nh-PtnnP ClfiR) 
Benz (h>quinoline-5,6-dlone (2. I g , 10 nunol) was suspended i n a s o l u t i o n 
of toluene-4-sulphonylhydrazlde (1.91g, 10.3 ramol) i n ethanol (40 cni^> 
and then heated a t 40-50*C f o r 65 minutes. The r e s u l t i n g s o l u t i o n was 
cooled i n an i c e bath; the p r e c i p i t a t e which formed was c o l l e c t e d by 
f i l t r a t i o n . The crude product melted, with decomposition, a t 142-5"C 
and i t s i n f r a - r e d spectrum e x h i b i t e d s t r e t c h i n g f r e q u e n c i e s 
corresponding to the d i a z a and carbonyl groups (Note 1). 
R e c r y s t a l l i s a t i o n from methanol gave a yellow/fawn coloured s o l i d which 
had m. p. 145-8'C (decomp.); fl^ 2 2 1 ( 6 % ) , appendix 1,25; i n f r a - r e d , Vn.»x 
2 1 1 0 ( s ) , CO 1640(s) cm"'; t h i n l a y e r chromatography RF2C 0.62. 
Attempts to o b t a i n s a t i s f a c t o r y a n a l y t i c a l data on t h i s product were 
u n s u c c e s s f u l 
Rote 1: Z e l l e r K L and Meier H ^ '^^ '^  have reported t h a t mutual 
i n t e r a c t i o n between the d i a z a and carbonyl group r a i s e s the d l a z a 
s t r e t c h i n g frequency and lowers t h e carbonyl s t r e t c h i n g frequency. 
D e t a i l s o f P h n t n r h f ^ m l c a l R p a r h n r 
The p h o t o l y s i s experiments were performed u s i n g a 'Hanover photochemical 
r e a c t o r ' , (model PCRIL) with a medium p r e s s u r e mercury lamp (=100 watt) 
e m i t t i n g u l t r a - v i o l e t r a d i a t i o n ( p r i n c i p l e X=185nm, 238. 248, 254, 265, 
280, 297. 302, 313 and 366nm). 
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Atteapted preparation of f.ethy] (R.S).5H-i P.denQ[ 1. 2-hT pyr j d i nA-5-
c a r b o x y l a t e by p h o t o l y s i s of Benz ( h ) q u i n o l l n e - 5 . 6-dia:;aketQne (165) 
(1) Ben2<h>quinoIin-5,5-dia2oketone (0.3g, 1.4 ojnol) was d i s s o l v e d in 
tetrahydrofuran (120 cni=') and methanol (70 ciii=*) contained in- the 
p h o t o l y s i s r e a c t i o n f l a s k and the s o l u t i o n was then deoxygenated using a 
nitrogen purge. The apparatus was cooled i n an i c e water bath, and the 
r e a c t i o n f l a s k was i r r a d i a t e d for 35 minutes. After t h i s period the 
r e a c t i o n mixture was t r e a t e d with c h a r c o a l (l.Og) and then f i l t e r e d . 
Removal of the s o l v e n t gave a crude r e s i d u e which contained two 
p r i n c i p a l components a s evidenced by t h i n l a y e r chromatography; Rf2C 
0.89, 0-56. A portion of t h i s m a t e r i a l (300mg) was p u r i f i e d using f l a s h 
chromatograph on k i e s e l g e l 60 (50g, 230-400 mesh); s o l u t e s were e l u t e d 
with e t h y l a c e t a t e (40%) and petroleum ether (60%, b.p. 60-80'C); 300 
cm-'-; 12 cm^ f r a c t i o n s were c o l l e c t e d . Following examination of the 
f r a c t i o n s by t h i n l a y e r chromatography, f r a c t i o n s 12-23 were bulked and 
a s o l i d (KOmg), ni.p. 193-201*C. Fu r t h e r p u r i f i c a t i o n of t h i s m a t e r i a l 
by r e c r y s t a l l i s a t i o n from petroleum e t h e r (b.pt. 60-80), e t h y l a c e t a t e ; 
1:2 gave pure m a t e r i a l with ra.p. 206-7*C; which was i d e n t i f i e d a s 
5. 5 ' - ^ i (metbyl 5H-indGnni 1. 2-bl p y r l d i ne-5-carbo?<:ylate: Found C, 74.8; 
H, 4.5 tl, 6.13% C-^^H^.rAi^O.^ r e q u i r e s C,75.0; H, 4.46; K, 6.25; M-^  
448(7%), appendix 1,26; i n f r a - r e d ; v„..,^  CH :3060, 3040, 2960(m), CO 
1729(s); v C=C, C=N 1585,1575 (ra)cra-': proton nmr. appendix 11,14; t h i n 
l a y e r chromatography Rf2J 0.63. 
(2) B e n z ( h ) q u i n o l i n e - 5 , 6 - d i a 2 o k e t o n e (0.3g, 1.4 mraol) was t r e a t e d a s 
d e s c r i b e d above except t h a t the p h o t o l y s i s experiment was performed i n 
tetrahydrofuran, methanol (15 cra"^) was added a f t e r i r r a d i a t i o n . 
Examination of the crude r e a c t i o n mixture I n d i c a t e d that the s o l u t i o n 
contained at l e a s t s i x components. Attempts to p u r i f y these products by 
f l a s h chromatography and r e c r y s t a l l i s a t i o n f a i l e d . 
(3) B e n z ( h ) q u i n o l l n e - 5 , 6 - d i a 2 o k e t o n e (0.85g, 3.85 mmol) was decomposed 
in r e f l u x i n g xylene f or 15 minutes. The r e a c t i o n mixture was then 
t r e a t e d with methanol (15 cm^) and c h a r c o a l (0.5g> and s t i r r e d for 30 
minutes. The c h a r c o a l , and then the s o l v e n t , were removed to leave an 
o i l which was shown by t h i n l a y e r chromatography to c o n t a i n a t l e a s t 
fourteen components. Attempts to s e p a r a t e these m a t e r i a l s using 
p r e p a r a t i v e t i c were u n s u c c e s s f u l . 
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3.6-1 Miscellanpnus Syntheses 
5H-iDCleno[ 1,2-b] pyridin-5-ane U9^ 
5H-indeno[ 1,2-b]pyridine (1.5g, 9 mmol) was t r e a t e d with a s o l u t i o n of 
sodium dichroraate C4.5g) i n g l a c i a l a c e t i c a c i d (12 cm^) using the 
procedure of R i v e r s c h i R e c r y s t a l l i s a t i o n of the product from 
ethanol a f f o r d e d the ketone (19)_ i n SK' v i e l d with m. p^ 140-2"C ( l i t . , 
^' 142-C); K*- 181(100%), appendix 1,3; i n f r a - r e d v >, CO 1728 CIQ-'. 
5H-indenQ[ i, 2 - b 3 p y r i d i n e . N-Q.-.ide (1^7) 
The N-oxide (152) was prepared using the procedure of Corey et al ''^ 
5H-IndenoC 1 , 2 - b l p y r i d i n e (1.67g, 10 iiiinol) gave ( l . S l g ) of crude 
product, m. p. 157-60'C. P u r i f i c a t i o n of t h i s m a t e r i a l by 
r e c r y s t a l l i s a t i o n from e t h y l a c e t a t e gave the the N-oxide (1.13g, 6 2 % ) , 
m.p. 162-3*0; ( l i t . , =^ m. p. 164-5-C); i n f r a - r e d v„,..^  N-0, 1280(s) cm"^ 
; t h i n l a y e r chromatography, R f l C 0.37. 
5H-indenQ[ 1 . 2 - b l p y r i d i n - 5 - Q n e . f f - n x i d e (168) 
The N-oxlde (153) was prepared using the method d e s c r i b e d above 5H-
indenoC1,2-b]pyridine (16). 
5H-indeno[1,2-b]pyridin-5-one (2.2g, 12.2 mmol) gave 2.69g of crude 
product. P u r i f i c a t i o n of t h i s m a t e r i a l by r e c r y s t a l l i s a t i o n from 
aqueous ethanol gave the N-oxide (153, 1.99g, 81-3%) ra.p. 256-8*C; 
( l i t , . '^^  m. p. 257-9'C); i n f r a - r e d Vn.«.«. C=0, 1732(s); N-0, 1287(in> 
cm~^; t h i n l a y e r chromatography R f l B 0.17. 
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CRS) l^Metby1--^-hvdrnxy-5 - c a r b n v y T T i P t h v 1-^H-1ndenQ[-l . ^ - b l p y r l d i nium-iodide 
{RS)Methyl 5-hydroxy-5H-indeno[1,2-b]pyridine-5-carboxylate (1.8g, 
7.5 mmol) was d i s s o l v e d i n benzene (60 cm^) and t e t r a h y d r o f u r a n 
(10 cni^>. The s o l u t i o n was purged with nitrogen and methyl iodide 
(17.Og, 120 mraol) added. After h e ating the mixture a t 60'C f o r 18 
hours, the e x c e s s s o l v e n t was removed and the crude methiodide was 
c o l l e c t e d . R e c r y s t a l l i s a t i o n from ethanol gave (RS)l-Methyi-5-hydroxy 
5-carbPxyragthyl-5H-indgnpt 1.2-b3pyridiDiuiB i o d i d e (2.22g, 78%) with 
m.p.196-7(decomp.)'C; Found C, 46.7; H, 3.55; N, 3.6%, CisHi^NOal 
r e q u i r e s , C, 47.0; H, 3.66; N, 3.66%; proton nmr appendix 11.16. 
( T ? S ) 1 - H p t h y 1 - 5 - h y d r n v y - S H - i n d p n n n . 2 - b l p v r i d i n l U T n iQdlde a692 
(RS>5-hydroxy-5H-indeno[l,2-b)pyridine (1.82g, 10 mmol) was converted to 
(RS)l-methyl-5-hydroxy-5H-indeno[1,2-blpyridinium Iodide i n 65t y i e l d 




5.5' -bjshydrnMvmethyl-5"H-i"ndPnnf 1 . 2-^1 p y r i d i ne (171)" 
5H-indeno[ l , 2 - b ) p y r i d i n e (1.2g 7.2 mmoD was d i s s o l v e d i n methyl 
cyanide (20 cm^) and the s o l u t i o n was cooled to O'C i n an i c e / s a l t bath 
and then f l u s h e d with nitrogen. A suspension of paraformaldehyde 
(0.73g) i n methyl cyanide (5 cm^ ') c o n t a i n i n g t r i t o n B (0.5 cm^, 40% i n 
water; 2.6M) was then added. A f t e r 10 minutes the mixture was t r e a t e d 
with h y d r o c h l o r i c a c i d (34_cm^, 0.25?l)_and the pH was a d j u s t e d to 7.2 
using sodium hydrogen carbonate s o l u t i o n (107*). The r e a c t i o n mixture 
was then e x t r a c t e d with e t h y l a c e t a t e (2 x 60 cm^); the e x t r a c t s were 
then combined and d r i e d over sodium sulphate. Removal of the s o l v e n t 
gave a merangue (1.35g) which when t r i t u r a t e d with d i e t h y l ether and 
petroleum e t h e r (b.p. 60-80*0 produced a white s o l i d (0.75g) m.p. 185-
8*C, and a s t i c k y r e s i d u e (0.47g). R e c r y s t a l l i s a t i o n of the s o l i d from 
toluene, b u t a n - l - o l gave 5.5'-bishydroxymetbyl-SH-indenoE1.2-b]pyridine 
(0.5g 31%) with m. p. 194-5-C; Found: C. 73.4; H. 5.70; N, 6.0%, 
Ci^HisNOs: r e q u i r e s ; C, 74.0; H, 5.73; N, 6.17%; M+ 227 ( 1 1 % ) , m/z, 
179 (100%) appendix 1,28; i n f r a - r e d Vn.^>. OH 3400(m); r CH 3080.2940, 
2880(w); V C=C,C=N 1595. 1580(m) cm-\ proton nmr, appendix 11.15; t h i n 
l a y e r chromatography Rf2G 0.28. 
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Appendix IV T . l . c . development s o l v e n t s 230 




9 H - i n d e n Q [ 2 . l - b 1 p y r i d i n e ( 1 3 ) 




m/ 2 139 140 167 168 
% Abundance 20 13 100 15 
1.2 (16) 
m/z 139 140 167 168 
% Abundance 15 8 100 14 
Relative 
155-
Appendix 1^3 ^H-lndenoCl 2-h1nvridinR-5-QQe 0 9 ) 
-C.^HvNO RHM=1&1 
m/z 126 127 153 154 181 182 
% Abundance 20 17 48 6 100 15 
n/z 




Appendix 1.4 9H-lDdeDQ[2.1-blpyrldlne-9-Qne <23A. 
Ci2H-/N0 R1CM=181 
ra/z 126 127 153 154 181 182 
% Abundance 31 78 72 10 100 15 
(l/Z 








Appendix 1,5. Ben2(f)quinQline-9.IQ-dlone (67) 
CoHs^NOs RMM= 209 
m/z 126 127 153 154 181 182 209 210 211 212 
% Abundance 11 24 44 5 100 15 21 4 6 1 
n/: 
R e l a t i v e 
Abundance 
% 
100 150 200 
ra/z 
153-
Appendix 1,5 High R e s o l u t i o n mass data 
m/z Optimum composition 





1 12 9 1 2 
13 9 1 2 
1 12 7 1 2 
13 7 1 2 
159-
Appendix 1,6 Benz(f)quinQline-9.10-dlone (67) 
S t r u c t u r a l assignments of molecular ions (M"). 
m/z 209 CM-) m/z 211 [M+2] m/z 213 CH+4]^ 
Mass spectrum 1,6-1 Dry sample. 
ra/ z 209 210 211 212 
% Abundance 21 4 6 1 
Mass spectrum 1,6-2 Sample added with water. 
m/z 209 210 211 212 
% Abundance 26 7 28 6 
6-3 Sample added with dueterium oxide. 
m/z 209 210 211 212 213 214 
% Abundance 27 6 23 19 6 1 
160-
Appendix 1,7 T^pniz(h)qujpr'Ti"g-'^6-diQne (68) 
0 
CTSHTNOS RIOl 2 0 9 
m/z 1 2 6 1 2 7 1 5 3 1 5 4 1 8 0 1 8 1 1 8 2 2 0 9 2 1 0 2 1 1 2 1 2 
% Abundance 3 6 3 7 5 1 6 3 1 0 0 14 8 2 2 1 
n/: 
R e l a t i v e 
Abundance 
\ 





Appendix 1,7 High R e s o l u t i o n mass data 
ra/2 Optimum composition 





1 12 9 1 2 
13 9 1 2 
1 12 7 1 2 
r. 13 . .7.. . 1 2 
162-
Appendix 1.8 - IR^l^^ma,^^ 
C12H9NO RHM=183 
m/z 75 76 77 126 127 128 153 154 155 181 182 183 184 
% Abundance 14 15 30 14 37 14 13 33 11 12 92 100 14 
n/z 
R e l a t i v e 
Abundance 




Appendix-1, 9 (RS)5H-indenoC1.2-h1pyrldlne-5-N. N-dimethvlcarhnxamide(135) 
CisHiaHzO RHK=238 
m/z 71 72 73 138 139 140 164 165 166 167 237 238 239 
% Abundance 20 100 19 6 17 16 7 8 28 8 4 69 11 
11/2 















Appendix 1,10 Methyl (RS)5H-1 nHpno[ i . 2-b3 p y r i d i n e - S - c a r h n v y T f i i t ; ^ f^p>7^ 
Ci^Hi iNO:^  RMH=225 
m/z 139 140 152 153 154 165 166 167 180 181 182 225 226 
% Abundance 17 17 1 7 8 12 100 27 10 23 40 40 6 
Q/Z 
R e l a t i v e 
Abundance 
CO. -OCHj-
100 150 200 
ra/z 
-155 
Appendix 1,11 .^RS;5H-indepp[1.2-b3pyrldine-5-cflrbaldehyde a39^ 
c = o 
CisHsNO RIOI=195 
ra/z 103 137 138 139 140 165 166 167 168 195 196 
% Abundance 9 4 8 35 35 10 82 100 12 23 4 
n/z 
R e l a t i v e 
Abundance 
1 
100 150 200 
ra/z 
166-
Appendix 1.1;> (gs)FSH-indPnnn.2-b]pvrldlne-5-cflrbaIdebvde pxiae a40> 
H XHNOH 
C13H10N2O .RHM=210 
0/ z 139 140 164 165 166 167 191 192 193 210 
% Abundance 22 22 24 62 100 25 7 29 44 57 
n/z 





100 150 200 
ni/z 
167-
A p p e n d i x 1,13 ( R S ) 5 H - 1 n d e n o C 1 . 2 - h 1 p y r i d l n e - 5 - c a r b n n 1 t r l l p 
M CM 
C,3H8i;^ RMH=192 
in/z 137 138 139 140 164 165 166 191 192 193 
% Abundance 5 10 6 4 25 17 7 34 100 15 






I b b 




Append ix 1,14 M e t h y l ^JRS>5-Iiydrpxy-^H-indeaQ[ 1 . 2 - b ] p y r i d i n e - 5 -
c a r b n x y l a t e (141) 
C i a H i i N O s RKM=241 
m/z 126 127 126 152 153 154 181 182 183 241 





- O C H . 
HO' CO.CHs 
100 ISO 200 
m/z 
-169 




m/z 126 127 128 153 154 181 182 183 226 







100 150 200 
ra/z 
170-
A p p e n d i x I , 1 6 9 - H y d r o x y f l u o r e n e (143) 
C iaH.cO RMK=182 
m/ 2 62 63 74 75 76 77 82 115 151 152 153 163 164 165 166 










100 150 200 
ra/z 
171 
Appendix I , 1 7 Q . Q ' - d i h y d r n y y - b i f l u o r e n e (146) 
C-^HToOn RKK=362 
ra/z 126 127 150 151 152 153 ISO 181 182 362 





100 150 200 350, 
m/z 
- 1 7 2 -
A p p e n d i x 1,18 ( R S ) 5 - r : y a n o - 5 - h y d r n x y - 5 H - i ndeno[ \ . 2 - b r p y r ' r d i n~iinTn 
t o l u e n e - 4 - s n 1 p h n n ; ^ t . P (148) 
n 1 ^o^C^M^CH, 
HO CN 
C t ^HsNsrO. CTHySOs RMK=380 
ra/z 9 1 92 107 108 126 127 153 172' 173 180 181 182 
% Abundance 100 8 30 17 2 1 22 64 81 5 13 100 25 
ra/ z 191 192 207 208 209 























Append ix 1,18 H i g h R e s o l u t i o n mass d a t a 
ra/z Optimum c o m p o s i t i o n 
208 .0636 13 8 2 1 
CisHoN^iO RPIH=208 
174 
Append ix I ' , 19 -1 Q - H y d r o x y f l u Q r e n g - Q - d l - l s o p r Q p y l c a r b Q x a r o r d e (152)" 
C20H23NO2 R)m=309 
m/z 86 127 128 129 151 152 153 180 181 182 309 
% Abundance 100 5 55 5 9 22 9 4 21 3 8^ = 









151 IB I 
151 l53 
119 
\ \ \ X 




A p p e n d i x I . 1 9 - 2 Chemlca i i o n i s a t i o n u s i n g i s o b u t a n e 
m/ z 57 100 101 102 128 181 292 293 294 310 312 





HA . C 0 N H ( C 3 H ; ) , 
- h c o M (C3H,) 
ra/z 
176-
Append ix 1,20 (T?R)5-HydrQxy-5H-' i ndpnoC 1. 2-b3 p Y r i d l i i e - 5 - d i i S Q p r Q p y l 
c f l r b Q x a a i d e 
H O C 0 N ( C 3 H , ) ; 
CisHssNzCb: RM}1=310 
m/z 86 87 127 128 129 181 182 183 310 














Append ix 1,21 
MHCOCH 
. C i H i . i N O RMM=173 
m/ z 77 78 102 103 104 130 131 132 173 174 








100 ISO 200 
m/z 
176-
Append ix 1,22 ' l - a c e t a m i d n - 2 ( T - i n d p n y l ) I n d e n e (157) 
NHCOCH3 
C ^ o H h t S O . . R H K = 2 8 7 
m/z 
% Abundance 
89 102 103 115 116 129 130 131 202 215 
16 4 8 27 22 7 100 10 6 8 
m/z 
% Abundance 
227 228 229 242 243 244 245 270 287 288 











100 150 200 250 300 
m/z 
179-
Append ix 1,23 2 - A c P t a n i i d o - l ( 2 ' - i n d p n y l ) i ndene (158) 
r4MCOCH3 
CsoHiyNO RMM=287 
m/z 89 115 116 130 131 202 215 216 227 228 
% Abundance 4 15 11 28 3 17 .30 9 11 3 1 
in/z 244 245 287 288 —. +. 







j i5 arts 
m/z 
180-
A p p e n d i x I T 2 4 1 ( 2 ' - I n d R n v l ) r n d ; q n - 2 - - n n P (IRQ) 
C i e H i ^ O R M K = 2 4 6 
E / Z 
V* Abundance 
1 0 1 1 0 2 1 0 3 
4 2 1 6 1 4 
1 0 7 1 0 8 1 1 5 1 1 6 2 0 2 2 0 3 2 1 5 2 1 6 2 1 7 2 1 8 
4 4 3 2 7 2 1 6 6 2 4 8 4 6 2 0 9 6 6 8 
m/z 
% Abundance 
2 4 5 2 4 6 2 4 7 





1 8 1 -




69 82 83 86 87 88 137 138 139 164 165 166 
24 ' 12 4 8 10 10 14 40 16 56 100 14 
ra/z 
% Abundance 
193 194 221 





Appendix 1.26 5, 5 ' - b i <ra'?thvl 5 H - i R d e n o [ 1. 2 - b ] p v r i d i n P - 5 - c a r b n x y l a t P ) 
(166) 
Csc,H:>oK2-0^ Rrai=448 
ra/ z 138 139 152 153 154 164 165 166 167 180 181 
% Abundance 15 10 2 19 2 19 29 27 11 2 45 
ra/ z 196 197 224 225 448 




Appendix I , 27 ^ffS) 1 - W p t h y l - 5 - h y d r n v y - F ^ H - i ndenoC 1. 2-bl p y r i d i n i u m 
I n d l d f ^ (169) 
HO'' 
Ci3Hi::N0, I RKW=325 
ra/z 
'h Abundance 
126 127 128 140 141 142 152 153 154 166 167 168 169 
10 76 10 9 12 100 5 21 7 7 31 24 3 
ra/ 2 
% Abundance 
181 182 196 197 198 





Appendix 1.28 fl/.s-S. 5' -bydroxymethyl jjH-lndeDQ 




139 140 151 152 153 154 166 167 168 178 179 180 
8 7 2 5 3 2 19 38 9 24 100 38 
m/z 
% Abundance 
195 196 197 227 228 





lOD 150 200 250 
m/z 
185-
Appendix 11,1 B e n z ( f ) q u j nnl1nfi-9.IQ-dlone(67) 
Proton nmr spectrum i n dimethylsulphoxide-d^: TWS(5=0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
6.67 - s 1 H-2 
8.61 1.2 d 1 H-3 
6.59 d 
8.22 7.2 d 1 H-4 
6.15 d 
8.03-7.39 - ID 4 H-5.6,7,8 
186-
Appendix 11,2 Ben2(h>quinQllne-5.6-dlone (6fl) 
Proton nmr spectrum I n CDCls:THS(5=0) 
Chemical S h i f t Coupling 
«y/ppm J/Hz 
M u l t i p l i c i t y I n t e g r a l Assignment 
S.88 5.1;1.6 dd 1 H-3 
8.57 dm = 1 H-1 
8.47 m = 1 H-2(5> 
8,31 m 1 H-5<2) 
7.9-7.3 ID = 4 H-7,6 
9,10 
187-
Appendix 11.3 <RS)5-HydrQxy-5H-l ndenoC 1. 2-b] p v r l ri i HP (1 VQ"> 
HO » 
Proton nmr spectrum i n DMSO-d*^ : TMS(5=0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
8.52 2.7 d+fs 1 H-2 
8.0-7.2 - m =6 H-3,4,6,7,8.9 
5.92 4. 1 d 1 HO-5 -
5.53 5.3 d 1 H-5 
•* Resonance l o s t upon a d d i t i o n of deuterium oxide. 
188-
Appendix 11,4 Hfithyl ( R S ) 5 H - l n d e n o [ 1 . p y r i d i n e - 5 - c a r b n y y l a t e (138) 
Proton nmr spectrum I n CDCI3: TMS(«S = 0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
8.63 5.43 d 1 H-2 
8. 15 7.94 d 1 
8.00 7. 06 d <1 
7.77-7.73 - m 1 
7,56-7,48 - m 2 
7.30-7.19 - m = 1 
4.90 - s <1 H-5 
3.78 - s 3 -OCHs 
3,99 - s (1) H-5 ) 
#( 3.63 - s (3) -OCHs ) 
# Data I n parentheses corresponds t o i m p u r i t y : methyl (RS>5-hydroxy-5H-
IndenoCl,2-b]pyrldine-5-carboxylate formed from o x i d a t i o n of the methyl 
ester. 
-189-







Proton nmr spectrum I n DMSO-d'^ : TMS<(S=0) 
Chemical S h i f t Coupling M u l t i p l i c i t y I n t e g r a l Assignment 
5/ppm J/Hz 
11.64 - s(broad) = 0.5 H-5a 
8.43 4.91;1.55 d+fs 1 H-2 
8.38 7.66 d = 0,5 H-5b 
6.15-8.09 7.70;7.65 d.d =^ 1 H-4 
8.00-7.88 - m 2 H-3. 1 
7.49-7.23 - m 4 H-6.7.8.9 
190-
Appendix 11,6 (RS)5H-lDdenQ[ 1 . 2 - b ] p y r i d i n e - 5 - c a r b a l d e h y r i P oxtroe (140) 
Proton nmr spectrum i n DMSO-d^:TMS(5=0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
11.6 - s = 0.5 
10.9 - s = 0,5 H-OH 
8.59 4,64; 1.84 d,d 1 H-2 
8.00-7.92 - m 2 H-3.4 
7.63-7.59 - m 1 H-6.9 
7.54-7.45 - m 2 - H-6.7,8,9 
7.36-7.31 - m = 1.5 
6.22 6.34 d = 0.5 
5.61 6.33 d = 0.5 
4.85 6.81 d = 0.5 
-191 
Appendix 11,7 (RS)5H-indeDQn . ;>-h1 p y r l d l ne-S-carboni t r ' n P 
Proton nmr spectrum i n DMSO-d^: TMS((S=0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
15.7 - s = 1 H-5 
8,46 8.39; 0.8 d,d 1 H-2 
8.39-8.33 - m 2 H-3, 4 
7.65 8.35 d 1 ^ 
7,60-7.55 - m ^1 
7.48-7.42 - m ==1 
> H-6.7.8.9 
7.13-7.08 8.05; 1,0 d.d 1 -
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Appendix 11,8 Methyl {RS)5-bydrnvy-5H-indeno[ 1. 2-bl p y r l d 1 nP-fS-
c a r b o x y l a t e U41>. 
Proton nmr spectrum i n CDCLs: TMS(«S=0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
8. 10 4.98; 1.35 d+fs 1 H-2 
7.95-7.93 7.27;1.01 d+fs 1 ^  
7.70 7.68;1.38 d+fs 1 ^ 
7.50-7.45 - m 2 1 
7.42-7.39 - m = 1 " H-6.7.8,9 
7.17-7.13 7.51;5.01 d,d 1 
4.61 - s 1 HO-5 
3.60 - s 3 -OCHa 
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Appendix 11.9 (RS)5 - h y d r Q x y - 5 H - i D d e n o [ 1 . 2 - b ] p v r i d i n f i - 5 - c a r h n v a m i d e (142) 
HCr "COW Hi 
Proton nmr spectrum i n DMSO-d*^ : TMS(<S=0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
8,535 5.03;1.50 d+fs 1 H-2 
7.83-7.76 - m =3 H-3,4.7 
7.56-7.40 - m = 4 H-6.9 Iffls 
7.28-7.25 - m 1 H-8 
6.693 - s 1 5-OH 
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Appendix 11,10 9-HydrQxyf 1 UQrene-9-dlIsopropyIcarboxamlHP CIFiP) 
Proton nmr spectrum in DHSO-d'^ : TMS(5=0) 




M u l t i p l i c i t y Integral Assignment 
7,856 7.42 d 2 
7.48-7.23 - m 6 
H-1,8 
6.226 - s 1 9-OH 
2.991 - m(7) 1 -CH(CH3)2 
2.497 - m(7) a -CH(CH3)2 
1.344 6.72 d 6 -(CH3)2 
0.300 6.57 d 3 -(CH3>2 
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Appendix 11,11 2-AcetamidQindene (156) 
Proton nmr spectrum i n CDCls: TMS(<y=0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
7.431 - s(broad) 1 N-H 
7.345 5. 17 d 1 
7.241 - m 2 H-4.5. 6. 7 
7.086 - m 1 
6.759 - s 1 -CH= 
3.655 - s 2 -CHz 
2. 172 - s 3 -CHs 
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Appendix 11,12 l-AcetamldQ-2(1•-1ndenyl)1ndene (157) 
Proton nmr spectrum i n CDCls: TMS(<S=0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
7.24-7.54 - m = 8 H-4.5.6.7 
H-4\5\6' .7' 
6.914 - s(broad) 1 N-H 
6.603 - s 1 -CH= 
3.776 - s 2 -CH2 
3.535 - s ?2 -CH^ 
2, 121 - s 3 -CHs 
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Appendix 11,13 2-AcetamldQ-l (2* indenyDlndene (158) 
mZ 0 CHj 
Proton nmr spectrum I n CDCI3:TKS(5=0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
7.724 - s ^1 H-H 
7.52-7.14 - m ^8 H-4.5,6.7 
H-4' .5\6' ,7' 
7.017 - s 1 -CH= 
4. 172 - s 2 -CH2 
3.828 - s 2 -CHz 
2. 155 - s 3 -CHs 
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Appendix I I . 14 ^.5' - b i (metbyl '?H-ifi(i'=-nQ[ 1 • 2-b3 pyridine-S-carboxylate) 
iJLMl 
H,CO,C 
Proton nmr spectrum i n CDCI.3: THS((J=0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
8. 447 5.39; 1.35 d + f s 1 H-2 
8.342 5.06;2.59 d + f s 1 H-2' 
7. 807 8. 43 d 1 H-3 
7.746 8. 43 d 1 H-3' 
7.47-7. 14 - m -6 
H-4,6,7,8,9 
7.04-6.95 - m 2 H-4' ,6' ,7'-
H-8',9' 
6.825 - m 2 
3.807 - s = 6 -OCH-, 
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Appendix 11,15 5. 5' -Msbydroxyroethyl-5H-tDdeno[ 1. 2-bl pyrlHI ne (171) 
HOCHl XHjOH 
Proton nmr spectrum i n DMSO-d^:TMS<5=0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
8.56 4.97:1.01 d,d 1 H-2 
7.94-7.87 - m 2 H-3.4 
7.66 6.63;0.97 d.d ==1 
7.46-7.37 - m 2 H-6,7,8.9 
7.25 4.88:2.68 d,d = 1 
4,93 5.26 t 2 -OH 
-3.81-3.66 m 4 -CH2 
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Appendix 11,16 <RS> l-methYl-S-hydrQxv-S-carbQxvipet hyl -BH-1 ndenof 1 .2-bl 
p v r l d t D l u m l o d l d P (170) 
HO' con 
Proton nmr spectrum i n DKSO-d*^ : TMS(<S=0) 




M u l t i p l i c i t y I n t e g r a l Assignment 
8.930 5.48 d 1 
8.640 7. 78; 1.02 d+fs 1 H-2,3.4 
8.298 7.27 d 1 
8.04-7.97 6.38; 1.20 t + f s 1 
7.81-7.72 - m 3 
H-6.7.8.9 
7.667 - 8(broad) = 1 5-OH 
4.667 - s 3 N^-CHa 
3.605 - s 3 -COCHs 
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Appendix I I I B i o l o g i c a l Screens 
( i ) PRIMARY FUHGICIDE SCREEHIHG 
1 STAGE I AND I I SOIL TEST 
1.1 Sp££±es. 
PythluiD ultiroum: RblzQctonia s o l a n i 
1.2 HfiiliQcL 
The t e s t Involves an assessment of the a b i l i t y of compounds t o allo w the 
germination and grovrth of su s c e p t i b l e seedlings i n the presence of the 
damping o f f f u n g i , P, ultimum and R. solani. 
The fu n g i are grown i n maize meal/sand c u l t u r e s (1 p a r t maize meal/ 
19 p a r t s washed sand) i n f l a s k s . 
300 g of maize meal/sand mixture i s placed i n each f l a s k and 60 ml of 
d i s t i l l e d water added. These are autoclaved f o r 15 minutes at 15 Ib/sq 
inch pressure. The f l a s k s of maize meal/sand are then inoculated w i t h 
the t e s t f u n g i and incubated, Pytbium c u l t u r e s f o r one week and 
RhizQctonia c u l t u r e s f o r two weeks. 
The maize meal/sand c u l t u r e s are mixed w i t h John Innes p o t t i n g compost* 
l e f t f o r 24 hours and I n f e s t e d p o t t i n g compost i s then put i n t o p l a s t i c 
pots <75 ml/pot). 
Compounds are formulated i n aqueous acetone w i t h Tween 20 wetter t o give 
a c o n c e n t r a t i o n of 500 ppm compound/10, OOOppm acetone/125 ppm wetter, 
15 ml of t h i s i s a p p l i e d t o the 75 ml of s o i l i n the pots g i v i n g a 
concentration of 300 ppm i n each pot. Control pots are set up by adding 
15 ml of a 10,000 ppm acetone/125ppm wetter s o l u t i o n t o the i n f e s t e d 
s o i l . Uninfested/untreated pots are set up and f o r each compound a 
t r e a t e d u n i n f e s t e d pot i s set up as a phy t o t o x i c c o n t r o l t o a l l o w the 
assessment of crop damage. 
Immediatly a f t e r a p p l i c a t i o n o f the t e s t compound each pot i s sown w i t h 
15 cabbage seeds. The seeds are covered w i t h the t r e a t e d i n f e s t e d s o i l 
and the pots incubated a t 22'C under humid c o n d i t i o n s f o r 6 days. 
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1.3 Assessment 
The number of emerged cabbage seedlings i s counted and per-centage 
disease c o n t r o l c a l c u l a t e d by comparison w i t h the untreated i n f e s t e d 
pots. 
The p h y t o t o x i c i t y of each compound i s determined by compar-ing the 
seedlings i n the t r e a t e d uninfested pots w i t h those i n the untreated 
uninfested pots. 
Compounds are r e t e s t e d at lower r a t e s i . e . 30 ppm and 10 ppm i n the 
f o l l o w i n g cases:-
1. <50% germination of seedlings i n the t r e a t e d uninfes-
ted pot and/or severe s t u n t i n g . 
2. >75% germination of seedlings i n the t r e a t e d i n f e s t e d 
pot. 
2 STAGE I AND 11 FOLIAR TESTS 
2.1 Species: Pbytophthora iufestans: potato b l i g h t 
Plasmopara viticola: vine downy mildew 
Erysiphe gramis: powdery mildew on barley 
Puccinia recondita: brown l e a f r u s t of wheat 
Pyricularia oryzae: r i c e b l a s t 
2.2 HfiiiiQd 
The compounds are formulated i n aqueous acetone w i t h Tween 20 w e t t e r t o 
give a c o n c e n t r a t i o n of 500 ppm compound/125 ppm wetter/20,000 ppm 
acetone. For cereals, Pluronic L61 i s added (1000 ppm) as an a d d i t i o n a l 
wetter. 
Compounds are a p p l i e d t o the t e s t p l a n t s as a combined f o l i a r spray and 
s o i l drench (2 r e p l i c a t e s per trea t m e n t ) . The pla n t s are Inoculated 24 
hours a f t e r a p p l i c a t i o n e i t h e r by spraying w i t h spore suspensions of the 
funge and then i n c u b a t i n g i n a humid atmosphere: >98% RH: ( f o r the 
b l i g h t , downy mildew, b l a s t and r u s t ) or by shaking diseased m a t e r i a l 
over the t r e a t e d p l a n t s ( f o r the powdery mildew), as summarised i n below 
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Tflt?le 1 EnvirQafflgntal c a n d i t i o n s d u r l p g Incubatipn 
Pathogen Incubation Temperature 'C Light 




P. infestans 4 14 10 17 hrs l i g h t / 7 hrs 1 
dark per day 
P. viticola 11 18 14 16 hrs l i g h t / 8 hrs 11 
dark per day 
E. graminis 9 18 14 16 hrs l i g h t / 8 hrs 
dark per day 
P. recondita 12 18 14 1 day dark, then 
16 hrs l i g h t / 8 h r s 
dark per day 
P, oryzae 24 18 3 days dark then 
14 hrs l i g h t / 9 hrs 
dark per day 
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2.3 Asspssment 
A f t e r the appropriate period of Incubation, the degree of I n f e c t i o n of 
the l e a f surface i s v i s u a l l y estimated and the scores expressed on a 0 
t o 8 scale (Table 2 ) . Only the leaves present at the time of treatment 
are assessed. 
Table 2 Assessment Scale 
Score % Control 
0 0 t o 20 
1 20 t o 34 
2 35 t o 44 
3 45 to 54 
4 55 t o 64 
5 65 t o 74 
6 75 t o 84 
7 85 t o 94 
8 95 t o 100 
Estimates are also made of any p h y t o t o x i c i t y which occurs, and compounds 
are r e t e s t e d a t lower concentrations i . e . 125 ppm, 31 ppm and 7.8 ppm i f 
disease c o n t r o l exceeds 75% or p h y t o t o x i c i t y i s too great f o r v a l i d 
disease assessment. 
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( i i ) HERBICIDE SCREEfilBG 
1. STAGE I TESTS 
1.1 Species: Chickweed iStellaria media) 
Cleavers (.Galium aparine) 
Corn Marigold iChrysanthemum) 
Cocklebur iXanthium spp) 
Jimsonweed (Datura stramonium) or 
Green f o x t a i l (Setatia viridis) 
Morning g l o r y (Ipomoea spp) 
V e l v e t l e a f (Ahutilon theophrasti) 
Barnyard grass iEchinochnloa crus-galli) 
Black grass (.Alopecurus myosuroides) 
Couch (.Agropyron repens) 
V i l d Oat (Avena fatua) 
Purple Nutsedge iCyperus rotundus) 
1.2 Growing c o n d i t i o n s : 
C o n t r o l l e d environment rooms maintained at 20 ± I'C. L i g h t i n g s u p p l i e d 
by banks of f l u o r e s c e n t tubes g i v i n g an i n t e n s i t y of 13,000 l u x a t p l a n t 
height and a photoperiod of 14 hours. Humidity 75-100%. A l l p l a n t s are 
grown i n s t e r i l e loam i n anodised aluminium pans, 190 mm long x 95 mm 
wide X 60 mm deep. Pans are watered from the top as required. 
1.3 Methods 
1.3.1 Post emergence Chemicals are i n i t i a l l y a pplied t o the above 12 
species a t doses equivalent t o 10 kg/ha i n 900 1/ha or 2.5kg/ha i n 450 
1/ha. Formulation of chemicals i s e i t h e r as an aqueous s o l u t i o n , a 
sodium s a l t , a hydrochloride, an aqueous acetone s o l u t i o n or an aqueous 
suspension. The w e t t i n g agent Tween 20 i s added t o a l l the f o r m u l a t i o n s 
a t a con c e n t r a t i o n of 2000 ppm i n the spray volume. 
-206-
Visual assessments are made 7 and 14 days a f t e r treatment on a scale as 
f o l l o w s : -
0 = I n a c t i v e 
1 = 1-24% e f f e c t 
2 = 25-497. e f f e c t 
3 = 50-74% e f f e c t 
4 = 75-89% e f f e c t 
5 = 90-100%, e f f e c t _ . . . 
A record of the ph y t o t o x i c symptoms i s made against the scale. 
1.3.2 Pre-emergence 
Seeds of the 12 species concerned are sown i n the pans and covered over 
w i t h a shallow layer (ca 5 mm) of loam. Chemicals are then sprayed onto 
the surface of the s o i l a t doses equivalent t o 10 kg/ha of 2.5 kg/ha. A 
f u r t h e r shallow lay e r <ca 5 mm) of loam i s then added t o cover the 
chemical. 
Assessments are made as f o r post-emergence t e s t s a t 3 or 4 weeks a f t e r 
sowlng. 
Chemicals w i t h good a c t i v i t y a t 10 kg/ha i n e i t h e r pre or post-emergence 
t e s t s are r e t e s t e d a t 2.5 kg/ha and good a c t i v i t y a t t h i s l e v e l i s then 
f o l l o w e d up w i t h Stage I I t e s t s . 
2. STAGE I I TESTS 
2.1 Species 24 chosen from the f o l l o w i n g l i s t : 
TEHPERATE SPECIES 
1. Tra Triticum aestivum Wheat 
2. Hov Hordeum vulgare Barley 
3. Pis Pisum sativum Pea 
4. Bev Beta vulgaris Sugar beet 
5. Brn Brassica napus Rape 
6. Stm Stellaria media Chickweed 
7. Gaa Galium aparine Cleavers 
8. Chs Chrysanthemum segetum Corn Marigold 
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9. Cha Chenopodium album Fathen/Lambsquarters 
10. Trm Tripleurospermum maritimum Scentless mayweed 
11. Sia Sinapis arvensis Charlock 
12. Pol Polygonum lapathifolium Pale p e r s i c a r i a 
13. Vep Veronica persica Bauxbaum's speedwell 
14. Aim Alopecurus myosuroides Blackgrass 
15. Avf Avena fatua V i l d oat 
16. Agr AgropyroD repens Couch/Twitch/Quackgrass 
17^ Brs _ Bromus sterilis Barren Brome... 
SUB-TROPICAL AND VARM TEMPERATE SPECIES 
18. Sov Sorghum vulgare Sorghum 
19. Goh Cossypiom hirsutum Cotton 
20. Glm Glycine max Soy bean 
21. Ors Oryza sativa Rice 
22. Zem Zea mays Maize/Corn 
23. Xap Xanthium spp Cocklebur/Noogoora Burr 
24. Das Datura stramonium Jimsonweed/Thornapple 
25. I pa Ipomoea spp Morningglory/Be11vlne 
26. Amr Amaranthus retroflexus Redroot pigweed/Pigweed 
27. Poo Portulaca oleracea Purslane 
28. Cao Cassia obtusifolia S t i c k l e p o d 
29. Sis Si da Spinosa P r i c k l y sida/Teaweed 
30. Abt Abut Hon theophrasti Velvet l e a f 
31. Ecc Echinochloa crus-galli Barnyardgrass 
32. Dis Digitaria sanguinalis Hairy crabgrass 
33. soh Sorghum halepense Johnsongrass 
34. Brd Bromus tectorum Downy brome 
35. Cye Cyperus rotundus Yellow nutsedge 
36. Cyr Cyperus esculentus Purple nutsedge 
37. Sev Setaria viridis Green f o x t a i l 
38. Pam Panicum miliaceum Common m i l l e t 
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2.2 
Stage I I t e s t i n g i s c a r r i e d out i n glasshouses w i t h temperatures set t o 
a minimum of 14"C f o r temperate species and 21*C f o r s u b - t r o p i c a l 
species. L i g h t i n g d u r i n g winter months i s supplemented by high pressure 
sodium lamps on a 16-hour photoperiod. Plants are grown i n s t e r i l e loam 
i n 3fe" p l a s t i c pots which are top watered as required. 
2.3 Keiliflds. 
2.3.1 Post-emergence 
Plant species a t approximately the 2-3 l e a f stage are t r e a t e d w i t h 
chemicals at r a t e s according t o a c t i v i t y shown a t Stage I but g e r n e r a l l y 
between 0.125 and 2 kg/ha i n 200 1/ha water i n the f i r s t instance. 
Formulation of any p a r t i c u l a r chemical w i l l be the same as t h a t used at 
Stage I . w i t h Tween 20 added at a s i m i l a r r a t e . 
Assessments are made a f t e r 2 weeks w i t h f u r t h e r recordings a f t e r 3 or 4 
weeks according t o the type and speed of a c t i v i t y . The assessment scale 
i s s i m i l a r t o t h a t used a t Stage I . 
2.3.2 Pre-emergence 
Seeds are planted, covered over w i t h a shallow l a y e r of s o i l and 
chemicals a p p l i e d t o the surface of the s o i l a t s i m i l a r r a t e s t o the 
post-emergence treatments. 
Assessments are made 3 and/or 4 weeks a f t e r spraying according t o 
a c t i v i t y and on the scale 0-5 as f o r post-emergence t e s t i n g . 
Compounds showing good a c t i v i t y i n Stage I I t e s t s w i l l be f u r t h e r 
evaluated i n Stage I l i a f i e l d t r i a l s . 
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( i l l ) PLANT GRQVTH REOULATOt? SCBEEWTNO 
1 STAGE I PLANT GRQVTH REGULATOR SCREENING 
1.1 Seedling, . t e s t 
The t e s t , o u t l i n e d below, ensures u n i f o r m i t y of plant growth and quick 
and accurate determinations of chemical a c t i v i t y . 
1.1.1 Species 
Mung bean (.Leguminosae) Dicotyledon 
Sunflower iCompositae) Dicotyledon 
Barley iGraminae) Monocotyledon 
1.1.2 Growth c o n d i t i o n s 
3-5 seeds/2^*' pot of coarse grade v e r m i c u l i t e 22*C, 16 hr 
photoperiod. 
1.1.3 Growth p e r i o d (pre-treatment) 
Mung bean and sunflower 10 days. 
Barley 6 days. 
1.1.4 Treatfflent 
Each pot stood i n approximately lOOmls of chemical contained i n a 
cl e a r p l a s t i c pot (No. 8 container, Pioneer p l a s t i c s ) . 
Shoots sprayed t o r u n - o f f . 
1.1.5 Eatfis. 
3 r a t e s : - 100 mg/1. 10 mg/1 and 1 mg/1 - r e p l i c a t e . 
1.1.6 Growth p e r i o d (post treatment) 
8 days. 
1.1.7 Assessment 
Subjective assessment technique i s used. Retardation of shoots 
and r o o t s based upon a 0-3 scale, where 0 = no r e t a r d a t i o n , 
1 = <25^ r e t a r d a t i o n , 2 = 25-60% r e t a r d a t i o n and 3 = >60% 
r e t a r d a t i o n . 
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P h o t o t o x i c i t y i s based upon a 0-3 scale where 0 i n d i c a t e s no 
v i s i b l e p h y t o t o x i c sumptoms, land 2 i n d i c a t e s l i g h t and moderate 
phytotoxic symptoms r e s p e c t i v e l y (e.g. scorch, necrosis, 
c h l o r o s i s ) , w h i l s t 3 i n d i c a t e s p l a n t death. Growth promotion, 
deformity and other e f f e c t e.g. stem thickening, are recorded 
separately. 
1.1.8 Qperfltion timg 
Approximately 4 man days t o ..prepare.and apply_J30-40 chemicals.^. . 
assess the previous t e s t and clean working areas. 
1.1.9 Ampunt Qf chemical used 
Aproximately 50 mg/chemical. 
STAGE.II 
2.1 Whole p l a n t t e s t 
The t e s t , o u t l i n e d below, i s a c o n t i n u a t i o n of the Stage I 
seedling t e s t . 
2.1.1 Species 
Soybean > 
Cotton ) Dicotyledons 
Wheat ) 
Barley ) Monocotyledons 
2.1.2 Growth cQDdltiPRS 
3 plants/3i6" pot of John Innes compost. Grown throughout i n 
glasshouse. 
2. 1,3 Cpre-treatment) 
2-3 weeks. 
2.1.4 Treatment 
Plants sprayed w i t h compound a t r a t e s up t o 4 kg a.i./ha i n a 
spray volume of 200 1/ha. 
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2.1.5 Replicates 
At le a s t 3/rate. 
2.1.6 Growth period (post-treatment) 
3 weeks. 
2.1.7 Assessment 
Subjective assessment a f t e r 1 and 3 weeks. Scale as f o r 
Stage I see d l i n g t e s t . . . „ . 
2.1.8 Amount of chemical used 
Approximately 100 mg/chemical. 
( i v ) IHSECTICIDE SCREENHJG 
The f o l l o w i n g species, stages and exposure periods are 
used i n stage I screening:-
1.1 Species 
1. Megoura v i c i a e 
vetch aphid. 
2. Tetraaychus clanabarinus 
carmine spider mite 
3. Tetraaychus ciaaabarlaus 
carmine spider mite 




F i e l d bean 
Dwarf French 
bean l e a f 
Dwarf French 
bean l e a f 
Cabbage 
Stage Exposure 
Adults 3 days a t 1000 
ppm t o 30 ppm. 
1 day and 3 days 
10 ppm and below 
Adults 3 days 
Eggs U n t i l emergence. 
2nd i n s t a r 3 days 
larvae 
5. Phae(ioQ pQqji].efi^ r^ £^ fi 
mustard beetle 
Cabbage 2nd i n s t a r 3 days 
larvae 
6. P i e r l s brasslcae 
cabbage white b u t t e r f l y 
7. C e r a t i t l s c a p l t a t a 
mediterranean f r u i t - f l y 
Cabbage l e a f 
pieces 
Cotton wool 
r o l l 
Eggs U n t i l emergence 
2nd i n s t a r 24 hours 
larvae 
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8. Aedes a e g y p t i 
yellow fever mosquito 
9. Husca domestica 
h o u s e f l i e s 
10. B l a t t e l l a germanica 
german cockroach: 
Test I 
Test I I 
11. Dtabrotica 
undec1mpu nc t a t a 
12. Boophllns microplus 
Flour 1st i n s t a r U n t i l m a t u r i t y 
larvae 
F i l t e r paper Adults 24 hours 
Glass Plate 1st i n s t a r 24 hours 
nymphs 
Treated b a i t 1st i n s t a r 3 days 
nymphs 
damp f i l t e r Eggs/ U n t i l emergence 
paper larvae 
F i l t e r paper Larvae 48 hours 
1.2 T r e a t m e n t s 
1.2.1 Species 1-5 
Species 1-5 i n c l u s i v e are t r e a t e d by spraying both the insect and the 
p l a n t t o r u n - o f f . Formulation i s aqueous and top r a t e of treatment i s 
1000 ppm. I f c o n t r o l i s >50%. then t e s t s are repeated at 300 ppm, 100 
ppm, 30 ppm, 10 ppm, 3 ppm and 1 ppm or u n t i l a c t i v i t y f a l l s below 50%. 
1.2.2 Species 6 
O v i c l d a l a c t i v i t y against l e p i d o p t e r a ( t e s t 6) i s assessed by d i p p i n g 
pieces of cabbage l e a f w i t h egg batches i n t o t e s t compound and then 
p l a c i n g the pieces onto untreated cabbage leaves i n p e t r i dishes. The 
dipped pieces are closed. Top r a t e i s 100 ppm. V i a b i l i t y of eggs and 
emerging larvae i s recorded. 
1.2.3 Species 7 
F r u i t f l y larvae (species 7) are t e s t e d on c o t t o n wool plugs which have 
been soaked i n 1000 ppm acetone s o l u t i o n , d r i e d and re-moistened w i t h 
n u t r i e n t . 
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1.2.4 Species 8 
For species 8, f l o u r i s t r e a t e d w i t h acetone s o l u t i o n of the compounds 
t o give 1000 ppm I n the d r i e d mixture. Some of t h i s f l o u r i s fed d a i l y 
t o the mosquito larvae. 
1.2.5 Species 9 and 10 
Species 9 .and_10_axe t e s t e d by_ contact w i t h a treated_.surface. 
HousefUes (species 9) are enclosed i n a c r y s t a l l i s i n g d i s h w i t h a 
f i l t e r paper which has been t r e a t e d w i t h acetone s o l u t i o n of the 
compound and d r i e d t o give 1000 mg/m^ . Cockroach nymphs (species 10) 
are exposed t o a glass p l a t e t r e a t e d a t 500 mg/m^  w i t h acetone s o l u t i o n s 
and d r i e d . 
Test 10 ( I I ) i s an extension of t e s t 10 ( I ) . A f t e r the 24 hours 
m o r t a l i t y has been assessed on the t r e a t e d glass p l a t e s , a small 
q u a n t i t y of t r e a t e d peanut b u t t e r b a i t i s added t o each p l a t e on which 
>50% nymphs have survived. Nymphs are permitted t o feed on t h i s and 
m o r t a l i t y i s then assessed. 
1.2.6 Species 11 
Corn rootworm o v i c i d a l a c t i v i t y i s assessed by spraying corn rootworm 
eggs on damp f i l t e r paper. Top r a t e i s 1000 ppm. Un t r e a t e d s p r o u t i n g 
maize seeds are added 24 hours before a n t i c i p a t e d emergence t o c o l l e c t 
v i a b l e larvae. 
D i l u t i o n s f o r lOOOppm and lOOOmg/m^, i s r e t e s t e d a t 150, 50". 15, 5 and 
1.5 mg/m==. 
1.2.7 Species 12 
A f i l t e r paper t r e a t e d w i t h 1 ml of lOOOppm acetone s o l u t i o n of the 
compound i s d r i e d and fo l d e d i n t o an envelope i n which c a t t l e t i c k 
larvae are held f o r 48 hrs at 25'C and >80% R.H. 
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2 STAGE I I 
Stage I I t e s t s are designed t o am p l i f y i n f o r m a t i o n on a c t i v i t y detected 
i n stage I and are t h e r e f o r e v a r i a b l e i n accordance w i t h t h a t a c t i v i t y . 
2. 1 Persistance Tests 
A l l compounds achieving greater than 50% c o n t r o l a t a pre-determined 
r a t e i n stage I screening.are t e s t e d f o r _ p e r s i s t a n c e . a g a i n s t the. . 
rel e v a n t species, except t h a t there are no r o u t i n e persistence t e s t s 
against Tribolium confusum, Aedes larvae, Ceratitis larvae or i n s e c t 
eggs. 
2.1.1 Phytophagous species: t e s t i n g as f o r stage I except t h a t only the 
plant i s treated. Treatment i s at 1000 ppm and i n f e s t a t i o n c a r r i e d out 
at 1 day and 7 days a f t e r treatment and then at weekly i n t e r v a l s up t o 
35 days or u n t i l c o n t r o l f a l l s below 50%. Aphlds are r e t a i n e d on the 
pla n t by an e l e c t r i c a l b a r r i e r fence. 
Stage I thresholds are at r a t e 5 f o r Megoura, r a t e 4 f o r Tetranychus 
a d u l t s and r a t e 3 f o r Tetranychus eggs, Pbaedon and Plutella, 
2.1.2 Musca domestica and Blattella germanica: Both these species are 
tes t e d on glass p l a t e s t r e a t e d as f o r stage I , r a t e 1. Kusca are 
r e t a i n e d beneath a p e t r i d i s h l i d supported on a brass r i n g w h i l s t 
Blattella are held Inside a fluon-coated glass r i n g . M o r t a l i t y I s 
recorded a f t e r 24 hours of continous exposure and i n f e s t a t i o n I n t e r v a l s 
are as f o r phytophagous species. 
The Stage I thr e s h o l d i s a score of 3 against Blattella or 4 against 
Musca. Compounds soaring 3 w i t h 1007# c o n t r o l of Xusca are also tested. 
2.2 Systemic Testa 
2.2.1 S o i l systemic treatments: Any compound reaching the th r e s h o l d f o r 
persistence t e s t s against phytophagous species i s te s t e d f o r s o i l 
s y s t e m i c i t y . 10 ml of aqueous f o r m u l a t i o n i s ap p l i e d t o the s o i l around 
the host p l a n t , which i s potted i n John Innes compost i n a 3" pot. 
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3 r a t e s of treatment ar e normally used - 1000 ppm, 100 ppm and 10 ppm. 
4 days l a t e r , i n f e s t a t i o n with the appropriate s p e c i e s i s e f f e c t e d a s 
f o r Stage I t e s t s 
I f a c t i v e at 10 ppm, the 100 ppm plant I s r e t a i n e d and r e - I n f e s t e d a t 
i n t e r v a l s to a s s e s s p e r s i s t e n c e of the treatment. S i m i l a r l y , the 1000 
ppra plant I s r e t a i n e d when compounds are a c t i v e only to 100 ppra. 
2.2.2 Leaf s y s t e m i c t e s t s : Compounds showing s o i l s y s t e m i c i t y a r e 
tested, f o r l e a f s y s t e m i c a c t i v i t y , using the same.host and pest s p e c i e s . 
The r a t e of a p p l i c a t i o n i s 1000 ppm i n a l l c a s e s . Highly a c t i v e 
compounds without s o i l s y s t e m i c i t y w i l l normally a l s o be t e s t e d . 
Compounds showing a c t i v i t y a t 1000 ppm w i l l be r e - t e s t e d a t lower r a t e s . 
i ) Xylem t r a n s p o r t i s a s s e s s e d by t r e a t i n g both s u r f a c e s of the b a s a l 
h a l f of the l e a f and i n f e s t i n g the untreated h a l f 24 hours l a t e r . 
Aphids are r e t a i n e d i n the untreated area by s m a l l cages, w h i l s t s p i d e r 
mites ar e r e s t r i c t e d by a v a s e l i n e b a r r i e r . For Phaedon and Plutella 
the untreated a r e a i s cut o f f and used a s i n stage I by e n c l o s i n g 
i n s e c t s and food i n a p e t r i d i s h . 
i i ) Phloem t r a n s p o r t t e s t s a r e s e t up a s f o r xylem t r a n s p o r t , except 
t h a t the t i p of the l e a f i s t r e a t e d and the base i n f e s t e d 24 hours 
l a t e r . 
i i i > Translamlnar a c t i v i t y can only be t e s t e d a g a i n s t aphids and s p i d e r -
mites, s i n c e these can be r e s t r i c t e d to one s u r f a c e when feeding. For 
aphids the upper s u r f a c e only i s t r e a t e d ; however, with s p i d e r - m i t e s 
both upper and lower s u r f a c e s a r e s e p a r a t e l y t r e a t e d . I n both c a s e s the 
u n t r e a t e d s u r f a c e i s i n f e s t e d 24 hours l a t e r . 
3 A d d i t i o n a l S p e c i e s 
I n t e r e s t i n g a c t i v i t y a g a i n s t a stage I s p e c i e s may be taken a s a lead, 
to be a m p l i f i e d by f u r t h e r t e s t s on r e l a t e d s p e c i e s or s p e c i e s of 
s i m i l a r h a b i t . The more commonly t e s t e d s p e c i e s a r e a s f o l l o w s ; -
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3.1 Aphids: Normally t e s t e d when a c t i v i t y a g a i n s t Kegoura reaches 
r a t e 5. (LC50 = 10 ppm> 
Aphis fahae, b l a c k f l y , on f e i l d bean. 
Brevicoryne brassicae, cabbage aphids, on cabbage. 
Myzus p e r s i c a e , peach and potato aphid, on cabbage. 
Sitobion avenae, c e r e a l aphid, on ba r l e y . 
A l l - s p e c i e s _ a r e sprayed on t h e i r host„.plan±,_which i s . . t r e a t e d a s f o r 
Megoura. Rates of spray a r e normally 30 ppm, 10 ppm and 3 ppm but lower 
r a t e s may be used f o r very a c t i v e compounds. 
3.2 V h i t e f l y (.Trialeurodes vaporariorum) \ Any compound showing 
a c t i v i t y a g a i n s t a wide range of phytophagous s p e c i e s or s t r o n g a c t i v i t y 
a g a i n s t a more l i m i t e d range i s t e s t e d a g a i n s t w h i t e f l y . Top r a t e i s 
1000 ppm and d i l u t i o n s a r e t e s t e d i n accordance with stage I procedure. 
Adult w h i t e f l y a r e t e s t e d by i n f e s t i n g t r e a t e d dwarf French bean p l a n t s 
and r e c o r d i n g m o r t a l i t y a f t e r 48 hours. P l a n t s f o r w h i t e f l y l a r v a e 
t e s t s are exposed to a d u l t s f o r 48 hours and i n f e s t a t i o n achieved from 
the eggs thus produced. Larvae a r e t e s t e d a t about 3-4 days o l d and 
recorded 5 days a f t e r treatment. Systemic and p e r s i s t e n c e t e s t s may be 
c a r r i e d out on a c t i v e compounds. 
3.3 Cabbage r o o t f l y (Erioischia b r a s s i c a e ) : Compounds showing a c t i v i t y 
a g a i n s t C e r a t i t i s l a r v a e and compounds of i n t e r e s t a g a i n s t a g r i c u l t u r a l 
p e s t s may be t e s t e d a g a i n s t cabbage r o o t f l y l a r v a e . Young r a d i s h 
s e e d l i n g s i n 3" pots a r e i n f e s t e d with 2 eggs per p l a n t and l e f t f o r 48 
hours f o r the l a r v a e to emerge. The s o i l i n each pot i s then drenched 
with 30 ml of aqueous formulation c o n t a i n i n g 100 ppm of the compound. 
Subsequent r a t e s f o r a c t i v e compounds a r e as stage I . Assessment i s 
c a r r i e d out 1 week l a t e r and the number of p l a n t s destroyed by l a r v a e i s 
recorded. 
3.4 Cotton army worm iSpodaptera littoralis}: T e s t s a g a i n s t t h i s 
s p e c i e s have been developed to f o l l o w on from Plutella t e s t s i n sta g e I . 
Cabbage l e a v e s a r e dipped i n t e s t f o r m u l a t i o n then allowed to dry. 10 
untre a t e d l a r v a e a r e enclosed with each t r e a t e d l e a f i n a p l a s t i c 
c o n t a i n e r . H o r t a l i t y i s a s s e s s e d a f t e r 48 h r s and a l s o a f t e r longer 
i n t e r v a l s i f r e q u i r e d . 
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3.5 American boUwora CHeliotbis armigera): T h i s s p e c i e s i s rea r e d on 
a r t i f i c i a l d i e t but t e s t e d on p i e c e s of tobacco l e a f . T e s t d e t a i l s a r e 
as f o r Spodoptera. 
3.6 Brown p l a n t hopper iNilaparvata lugens): Rice p l a n t s are sprayed 
to run-off, l e f t to dry and then i n f e s t e d with young a d u l t hoppers 
(10/pot). I n s e c t s a r e r e t a i n e d on the p l a n t s by v e n t i U a t e d c l e a r 
p l a s t i c l i d s . M o r t a l i t y i s a s s e s s e d a f t e r 48 hours, males and females 
being recorded s e p a r a t e l y . , 
3.7 Southern corn rootworm iDiabrotica undecimpunctata): Compound i s 
incorporated i n t o s o i l to give a predetermined r a t e of treatment, the 
maximum being lO ppm a . i . i n the s o i l . 10 l a r v a e , approximately 5 days 
old, and 3 sp r o u t i n g maize shoots are capped i n a c o n t a i n e r with 50 gm 
t r e a t e d s o i l . L i v e l a r v a e a r e counted a f t e r 3 days. 
A v a r i a t i o n of t h i s t e s t i n v o l v e s i n f e s t a t i o n with 25 eggs which have 
been Incubated almost t o the point of emergence. L i v e l a r v a e a r e then 
recorded a f t e r 9 days. 
3.8 Two spotted s p i d e r mite (.T. urticae): Technique a s used f o r s p i d e r 
mites i n s t a g e . I . S u s c e p t i b l e and m u l t i - r e s i s t a n t s t r a i n s are t e s t e d t o 
ad u l t or o v i c i d e a c t i v i t y . 
3.9 I n s e c t o v i c i d e t e s t s : F o l l o w i n g o v i c i d a l a c t i v i t y i n stage I 
scr e e n i n g , a c t i v i t y a g a i n s t eggs of co t t o n bollworm, iHeliothis 
armigera) and/or tobacco budworm (.Heliothis virescens') may be a s s e s s e d 
by dipping p i e c e s of tobacco l e a f b e a r i n g eggs i n t o aqueous f o r m u l a t i o n s 
of the compound a t r a t e s from 1000 ppm downwards. The l e a v e s a r e l e f t 
v e n t i l l a t e d u n t i l dry then e n c l o s e d i n capped c o n t a i n e r s u n t i l 
emergence. T e s t s on a wide range of other I n s e c t s p e c i e s are a l s o 
p o s s i b l e , in vitro or on t h e i r n a t u r a l s u b s t r a t e . 
3.10 Confused f l o u r b e e t l e iTribolium confusum) i s t e s t e d i n f l o u r t h a t 
has been t r e a t e d with acetone s o l u t i o n of the compound and d r i e d . 
B e e t l e s are exposed f o r 5 days and when compounds a r e expected to g i v e 
o v i c i d a l or l a r v i c i d a l a c t i v i t y , the f l o u r i s r e t a i n e d a f t e r removal of 
a d u l t s . M o r t a l i t y of a d u l t s a t 5 days i s recorded and subsequent 
development of a f u r t h e r g e n e r a t i o n of a d u l t s where appropriate. 
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** M 
3.11 Spider mite s t e r i l a n t t e s t iT. cinnabarinus^: T h i s t e s t I s 
•car r i e d out on compounds that are more a c t i v e a s mite o v i c i d e s than a s 
a d u l t i c i d e s . I n f e s t e d dwarf French bean p l a n t s are sprayed and l e f t f o r 
48 hours before 10 a d u l t female niites are removed and t r a n s f e r r e d to to 
untreated l e a f d i s c s on damp f i l t e r paper < a s stage I mite o v i c i d e 
t e s t ) . The number and v i a b i l i t y of eggs l a i d i n 24 hours by these mites 
i s a s s e s s e d . 
3.12 .Insect s t e r i l a n t t e s t s ; S t e r i l a n t tests_may >e c a r r i e d out on any 
compounds showing o v i c i d a l a c t i v i t y without t o x i c i t y to a d u l t s . The 
t e s t techniques were designed to take i n t o account the n a t u r a l h a b i t s of 
the s p e c i e s concerned. 
3.13 C a t t l e t i c k - G r a v i d female t e s t (Boophilus microplus>: G r a v i d 
female t i c k s a r e dipped i n aqueous for m u l a t i o n f o r 10 mins then removed, 
l e f t to dry and held a t 25*C and >&07* R. H. f o r assessment of m o r t a l i t y 
or production of v i a b l e eggs by s u r v i v o r s . Compounds a c t i v e a t 300 ppm 
a g a i n s t t i c k l a r v a e i n Stage I e n t e r t h i s t e s t a t a top r a t e of 500 ppm. 
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(v> BinLCX^ICAL SCREEWItfG DATA 
Report prepared by Leonard G Copping (FBC Ltd.) 
1 I n t r o d u c t i p n 
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Some of the r e c e n t compounds, FBC 39 190 (120); FBC 90 872 (140); FBC 
90 907 (141) and FBC 92 359 (170), were r e c e i v e d i n I n s u f f i c i e n t 
q u a n t i t i e s f o r high dose e v a l u a t i o n . These samples were e v a l u a t e d 
pre- and post-emergent a t 2.5 kg a . i . / h a . A l l other samples were t e s t e d 
a t a high dose of 10 kg a . i . / h a . No compounds showed any u s e f u l 
h e r b i c i d a l a c t i v i t y (Table 1 ) . 
3 P l a n t Growth Regulator Data 
Table 2 shows p l a n t growth r e g u l a t o r Stage I data on seven of the 
compounds submitted. FBC 90 907 (141) was provided i n too s m a l l a 
q u a n t i t y f o r s c r e e n i n g . Most compounds showed some growth r e t a r d a t i o n 
of some s p e c i e s p a r t i c u l a r l y a t the high r a t e s . However, i n a l l c a s e s 
t h i s was a s s o c i a t e d with an unacceptable l e v e l of p h y t o t o x i c i t y and con-
sequently no compound warrants f u r t h e r e v a l u a t i o n . 
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4 F u n g i c i d e D a t a 
E i g h t of the compounds have been e v a l u a t e d i n the Fungicide s c r e e n . 
Table 3 shows FBC 37 339 (67) and p a r t i c u l a r l y FBC 37 340 (68) to 
possess i n t e r e s t i n g f u n g i c i d a l a c t i v i t y . The good broad-spectrum 
c o n t r o l shown by FBC 37 340 (68) suggests t h i s to be an a r e a j u s t i f y i n g 
some s y n t h e t i c e f f o r t and the good c o n t r o l of f o l i a r Phycomycetes 
iPhytopbthora infestana and Plasmopare viticola) i s of p a r t i c u l a r 
i n t e r e s t . .No .other compounds showed.any a c t i v i t y of i n t e r e s t . . 
5 I n s e c t i c i d e D a t a 
None of the compounds t e s t e d showed s i g n i f i c a n t a c t i v i t y i n the crop 
i n s e c t i c i d e s c r e e n (Table 4 ) . 
I n the a n i m a l / p u b l i c h e a l t h s c r e e n (Table 5) a g e n e r a l l y low l e v e l of 
a c t i v i t y was recorded with s i x compounds (FBC 37 339, 37 340, 38 369, 
38 370. 38 371, 39 190) with the r e l a t e d compounds FBC 38 339 (67) and 
FBC 38 370 (68) g i v i n g some co n t a c t c o n t r o l of cockroach nymphs. 
However, t h i s l e v e l of a c t i v i t y would not be considered s u f f i c i e n t t o 
j u s t i f y f u r t h e r work. I n a d d i t i o n FBC 38 369 (67) gave some c o n t r o l of 
c a t t l e t i c k l a r v a e , a r e s u l t of some I n t e r e s t . The symptoms of 
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Key to Table 1 
Stm = Steliaria media - (Chickweed) 
Gaa = Galium aparine - ( C l e a v e r s ) 
Chs = ChrysaDthemum segetum - (Corn n a r i g o l d ) 
Abt = Abutilon tbeophrasti - (Velvet l e a f ) 
Ipa = Ipomeae annua - (Morning g l o r y ) 
Xap = Xanthium pennsylvanicum - (Cocklebur) 
Sev_= Setaria viridis _ - (Careen f o x t a i l ) 
Aim = Alopecurus myosuroides - (Black g r a s s ) 
Avf = Avena fatua - ( V i l d o a t s ) 
- Agropyron repens - (Couch g r a s s ) 
Ecc = Echinochloa crus-galli - (Barnyard g r a s s ) 
Pop = Polygonum persicaria - (Redshank) 
Cyr = Cyperus rotundus - (Nutsedge) 
Son = Salanum nigrum - (Black nightshade) 
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T a b l e 2 - PGR D a t a 
Stage 1 Retardant 
FBC Rate Hung B a r l e y Sunflower 
mgl-1 Bean 
37 339 100 3/2 3/3 3/3 
10 3/1 2/2 3/2 
1 0/0 1/0 0/2 
37 340 100 2/0 3/3 3/2 
10 2/0 2/2 2/2 
1 0/0 1/1 1/0 
38 369 100 1/3 0/2 0/2 
10 0/2 0/1 0/1 
1 0/1 0/1 0/1 
38 370 100 1/3 1/3 2/3 
10 0/0 0/2 0/2 
1 0/0 0/0 0/0 
38 871 100 2/3 0/2 2/3 
10 0/1 0/0 0/1 
1 0/0 0/0 0/0 
39 190 100 3/2 2/2 2/2 
10 2/1 0/0 0/1 
1 0/0 0/0 0/0 
90 872 100 0/0 0/0 0/0 
10 0/0 0/0 0/0 
1 0/0 0/0 0/0 
90 907 100 0/3 2/3 0/3 
10 0/0 1/1 0/1 
1 0/0 0/0 0/0 
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500 125 31 
Po 
500 125 31 
Pi 







37 339 0 - 3 NT 6 NT NT 3 NT NT NT NT 0 0 
37 340 
: 
2 8 7 1 7 8 0 7 8 0 8 7 1 0 
38 369 1 0 NT NT 0 NT NT 1 NT NT NT NT 0 0 
38 370 0 3 NT NT 0 NT NT 2 NT NT NT NT 0 0 
38 371 1 1 0 0 NT NT 0 NT NT 1 NT NT NT NT 0 0 
39 190 0 2 NT NT NT NT NT 0 NT NT NT NT 0 0 
90 872 i 5 NT NT NT NT NT NT 0 NT NT NT NT 0 0 
KEY to Table 3 
Eg = Erisypbe graminis - ( b a r l e y powdery mildew) 
Pr = Puccinia recondita - (brown r u s t of wheat) 
Po = Pyricularia oryzae - ( r i c e b l a s t ) 
P i = Phytophthora infestans - (potato b l i g h t ) 
Pv = Plasmopara viticola - (vine downy mildew) 
Rs = Rhizoctonia solani - ( R h i z o c t o n i a i n s o i l ) 
Pu r Pythium ultimum - (Damping-off i n s o i l ) 
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Table 4 - Crop I n s e c t i c i d e Data 
FBC Mv Ta Te Pm Pc Dov Po 
37 339 A + + + + + + 
37 340 + + + + + + •f 
3S 369 A + + + A + 
38 370 + + + + + + + 
38 371 + + + + + + + 
39 190 + + + + NT + + 
Mv = Xegoura viciae 
Ta = Tetranychus cinnabarinus - a d u l t s 
Te = T. cimmabarinus - eggs 
Pm = Plutella xylostella - l a r v a e 
Pc = Phaedon c o c h l e a r i a e - l a r v a e 
Dov = Diabrotica undecimpuncata - eggs 
Po = Pieris brassicae - eggs 
(Vetch aphid) 
(Spider mite) 
(Diamond back moth) 
(Hustard b e e t l e ) 
(Corn rootworm) 
(Cabbage white b u t t e r f l y ) 
A = Greater than 50% m o r t a l i t y a t 1000 ppm 
+ = I n a c t i v e a t 1000 ppm 
NT = Not t e s t e d 
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T a b l e 5 - A n i m a l a n d P u b l i c I n s e c t i c i d e D a t a 
FBC Ls Hd Al Bg Bgb By 
37 339 1000 + + + + 
37 340 + + + 1000 + 
38 369 + •f + 100 300 
38 370 + + + 100 + + 
38 371 + + + + + 
39 190 + + NT + NT + 
L s = Lucilia sericata - l a r v a e 
Md = Xusca domestica - a d u l t s 
Al = Aedes aegypti - l a r v a e 
Bg = Blatella germanica - nymphs - c o n t a c t 
Bgb = B. germanica - nymphs - b a i t 
By = Boophilus micraplus - l a r v a e 




( C a t t l e t i c k ) 
F i g u r e s r e p r e s e n t lowest dose (ppm) g i v i n g a t l e a s t 50% m o r t a l i t y . 
+ = i n a c t i v e a t lOOOppm 
NT = not t e s t e d 
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Appendix IV 
Thin l a y e r chromatography; chromatographic examination was u s u a l l y 
c a r r i e d out using the ascending technique on 0.25mm l a y e r s of K i e s e l g e l 
H F a s a . 
P r e p a r a t i v e T.L.C. was performed using O.Smra l a y e r s of K i e s e l g e l 60G. 
Development S o l v e n t s 
Key S o l v e n t A (v/v%) Solvent B (v/v7,) 
Rf lA chloroform (100%) -
Rf IB dichloromethane(100%) -
R f l C e t h y l a c e t a t e (100%) -
Rf2A e t h y l a c e t a t e (40%) pet etherC60--801 (60%) 
Rf2B e t h y l a c e t a t e (95%) pet ether[60- -801 ( 5%) 
Rf2C e t h y l a c e t a t e (50%) pet etherC60--80] (50%) 
Rf2D e t h y l a c e t a t e (90%) pet etherf 40--603. (10%) 
Rf2E e t h y l a c e t a t e (63%) pet etherf 60--80) (37%) 
Rf2F e t h y l a c e t a t e (94%) methanol ( 6%) 
Rf2G e t h y l a c e t a t e (23%) pet ether[ 40--601 (77%) 
Rf2H e t h y l a c e t a t e (10%) pet ethert 40-•60] (90%) 




Abscission the organised shedding of a part of a plant by means 
of an absciss l a y e r (parenchymatous c e l l s ) . 
Analgesic. a drug substance which causes temporyJoss of the 
sense of pain. 
A n t i p h l o g i s t i c a remedy used t o r e l i e v e inflammation, fever and 
s i m i l a r c o n d i t i o n s . 
Apical a group of c e l l s a t the t i p of a root or stem from 
which a l l the t i s s u e s of the mature a x i s are formed. 
Callus a mass of parenchymatous c e l l s formed by p l a n t s over 
or around a wound. 
Chloroplasts p l a s t i d c o n t a i n i n g c h o r o p h y l l , w i t h or without other 
pigments, embedded i n the cytoplasm. 
Endogenous 
E p i c o t y l 
found Inside another organ of the p l a n t . 
the p a r t of the a x i s of a seedling between cotyledons 
and the f i r s t l e a f or whorl of leaves. 
Epidermis a sheath of c l o s e l y u n i t e d c e l l s forming a l a y e r over 
the surface of the leaves and young stems of p l a n t s . 
Epinasty the occurrance of stronger growth on the upper r a t h e r 
than the under side of a pl a n t member 
Exogenous 
Geotropic 
produced on the outside of another p l a n t member 
the r e a c t i o n of a pl a n t t o the stimulus of g r a v i t y . 
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Hermaphrodite having both male and female reproductive organs, 
stamens and p i s t i l s , i n the same flower. 
Hypocotyl the p a r t of the a x i s of a seedling between the 
i n s e r t i o n of the cotyledons and the r a d i c l e . 
Hypotensive 
Mitochoiidnla. 
lowering the blood pressure. 
protoplasmic i n c l u s i o n s of c e l l s which take the form 
of filaraetous or rod l i k e bodies. 
Morphogenesis 
Parenchyma 
the o r i g i n and development of a part or organ. 
a t i s s u e composed of blunt-ended c e l l s having t h i n 
w a l l s c o n s i s t i n g of c e l l u l o s e , and o f t e n forming a 
general packing among conducting and mechanical 
tis s u e s . 
Parthenocarpy the production of f r u i t without a p r e l i m i n a r y act of 
f e r t i l i s a t i o n and without development of seeds w i t h i n 
the f r u i t . 
P hototropic the r e a c t i o n of a pl a n t t o t u r n towards the g r e a t e s t 
l i g h t . 
Phytohormones 
Plasmatic 
p l a n t hormones. 
a t h i n l a y e r of protoplasm forming the boundary of the 
p r o t o p l a s t i n contact w i t h the c e l l w a l l . 
Spasmolytic a substance which reduces spasm by e i t h e r i n t e r f e r r i n g 
w i t h nerve impulse transmission or by d i r e c t a c t i o n on 
the muscle or by depressing the c e n t r a l nervous system 
Stamens one of the members of the flower which produces pollen-
T r a n s p i r a t i o n the loss of water vapour from a pl a n t , mainly through 
the stomata. 
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Xylem t i s s u e concerned w i t h the conduction of aqueous 
s o l u t i o n s about the p l a n t body. 
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